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Strategies for Todays 
Environmental Partnership 


AP! ENVIRONMENTAL, HEALTH AND SAFETY MISSION 
AND GUIDING PRINCIPLES 


The members of the American Petroleum Institute are dedicated to continuous efforts to 
improve the compatibility of our operations with the environment while economically 
developing energy resources and supplying high quality products and services to consum- 
ers. We recognize our responsibility to work with the public, the government, and others to 
develop and to use natural resources in an environmentally sound manner while protecting 
the health and safety of our employees and the public. To meet these responsibilities, API 
members pledge to manage our businesses according to the following principles using 
sound science to prioritize risks and to implement cost-effective management practices: 


e To recognize and to respond to community concerns about our raw materials, prod- 
ucts and operations. 


e To operate our plants and facilities, and to handle our raw materials and products in a 
manner that protects the environment, and the safety and health of our employees 
and the public. 


e To make safety, health and environmental considerations a priority in our planning, 
and our development of new products and processes. 


e To advise promptly, appropriate officials, employees, customers and the public of 
information on significant industry-related safety, health and environmental hazards, 
and to recommend protective measures. 


e To counsel customers, transporters and others in the safe use, transportation and dis- 
posal of our raw materials, products and waste materials. 


e To economically develop and produce natural resources and to conserve those 
resources by using energy efficiently. 


e To extend knowledge by conducting or supporting research on the safety, health and 
environmental effects of our raw materials, products, processes and waste materials. 


e To commit to reduce overall emissions and waste generation. 


e To work with others to resolve problems created by handling and disposal of hazard- 
ous substances from our operations. 


e To participate with government and others in creating responsible laws, regulations 
and standards to safeguard the community, workplace and environment. 


e To promote these principles and practices by sharing experiences and offering assis- 
tance to others who produce, handle, use, transport or dispose of similar raw materi- 
als, petroleum products and wastes. 
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SPECIAL NOTES 


API publications necessarily address problems of a general nature. With respect to partic- 
ular circumstances, local, state, and federal laws and regulations should be reviewed. 

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to 
warn and properly train and equip their employees, and others exposed, concerning health 
and safety risks and precautions, nor undertaking their obligations under local, state, or fed- 
eral laws. 

Information concerning safety and health risks and proper precautions with respect to par- 
ticular materials and conditions should be obtained from the employer, the manufacturer or 
supplier of that material, or the material safety data sheet. 

Nothing contained in any API publication is to be construed as granting any right, by 
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod- 
uct covered by letters patent. Neither should anything contained in the publication be con- 
strued as insuring anyone against liability for infringement of letters patent. 

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every 
five years. Sometimes a one-time extension of up to two years will be added to this review 
cycle. This publication will no longer be in effect five years after its publication date as an 
operative API standard or, where an extension has been granted, upon republication. Status 
of the publication can be ascertained from the API Pipeline Segment [telephone (202) 682- 
8000]. A catalog of API publications and materials is published annually and updated quar- 
terly by APL 1220 L Street, N.W., Washington, D.C. 20005. 

This document was produced under API standardization procedures that ensure appropri- 
ate notification and participation in the developmental process and is designated as an API 
standard. Questions concerning the interpretation of the content of this standard or com- 
ments and questions concerning the procedures under which this standard was developed 
should be directed in writing to the general manager of the Pipeline Segment, American 
Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005. Requests for permission 
to reproduce or translate all or any part of the material published herein should also be 
addressed to the general manager. 

API standards are published to facilitate the broad availability of proven, sound engineer- 
ing and operating practices. These standards are not intended to obviate the need for apply- 
ing sound engineering judgment regarding when and where these standards should be 
utilized. The formulation and publication of API standards is not intended in any way to 
inhibit anyone from using any other practices. 

Any manufacturer marking equipment or materials in conformance with the marking 
requirements of an API standard is solely responsible for complying with all the applicable 
requirements of that standard. API does not represent, warrant, or guarantee that such prod- 
ucts do in fact conform to the applicable API standard. 


All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or 
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise, 
without prior written permission from the publisher. Contact the Publisher, 

API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005. 


Copyright © 1999 American Petroleum Institute 
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FOREWORD 


This Recommended Practice (RP) sets out criteria for the design, construction, testing, 
operation, and maintenance of offshore steel pipelines utilized in the production, production 
support, or transportation of hydrocarbons, that is the movement by pipeline of hydrocarbon 
liquids, gases, and mixtures of these hydrocarbons with water. 

The criteria contained in this document are intended to permit the economical transporta- 
tion of hydrocarbons while providing for the safety of life and property and the protection of 
the environment. The general adoption of these criteria should assure that offshore hydrocar- 
bon pipelines possess the requisite structural integrity for their safe and efficient operation. 

The American Petroleum Institute created an industry committee to develop appropriate 
uniform guidelines. The resulting first edition of API RP 1111 was published in 1976. In 
1989, the decision was made to create a revision that would provide industry with a more 
functional document. The resulting second edition was issued in November 1993. 

In 1997, a task force was formed to consider proposed changes to the RP based on a grow- 
ing concern among pipeline engineers that existing codes lead to overly conservative designs 
for high pressure pipelines having a low diameter to wall thickness (D/t) ratio. In fact, the 
second edition of the RP and the codes specifically exclude the pipelines categorized as 
flowlines which typically require these low D/t ratio, see ASME B31.4, 400.1.2(d) and 
ASME B31.8, 802.13(f). This revision of the RP incorporates the inclusion of “all” offshore 
hydrocarbon pipelines and a “Limit State Design” methodology. Safety margins similar to 
existing levels are obtained for the lower D/t ratio by changing to a limit state design based 
on the actual burst strength of pipe. The burst pressure formula in the document is based on 
theoretical considerations confirmed by more than 250 burst tests of full-size pipe specimens 
that cover a wide range of pipe grade, diameter, and wall thickness. 

Portions of this publication have changed from the previous edition, but the changes are 
too numerous to use bar notations in this edition. In some cases the changes are significant, 
while in other cases the changes reflect minor editorial adjustments. 

This standard represents the combined efforts of many engineers who are responsible for 
the design, construction, operation, and maintenance of offshore hydrocarbon pipelines. 

From time to time, revisions of this standard will be necessary to keep current with tech- 
nological developments. The committee is always anxious to improve this standard and will 
give full consideration to all comments received. 

An appeal of any API standards action by an interested party shall be directed to the APL 

API publications may be used by anyone desiring to do so. Every effort has been made by 
the Institute to assure the accuracy and reliability of the data contained in them; however, the 
Institute makes no representation, warranty, or guarantee in connection with this publication 
and hereby expressly disclaims any liability or responsibility for loss or damage resulting 
from its use or for the violation of any federal, state, or municipal regulation with which this 
publication may conflict. 

Suggested revisions are invited and should be submitted to the general manager of the 
Pipeline Segment, American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 
20005. 
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Design, Construction, Operation, and Maintenance of 
Offshore Hydrocarbon Pipelines (Limit State Design) 


1 Scope 


1.1. This recommended practice (RP) sets out criteria for 
the design, construction, testing, operation, and maintenance 
of offshore steel pipelines utilized in the production, produc- 
tion support, or transportation of hydrocarbons; that is, the 
movement by pipeline of hydrocarbon liquids, gases, and 
mixtures of these hydrocarbons with water. 


1.2 The practice also applies to any transportation piping 
facilities located on a production platform downstream of 
separation and treatment facilities including; meter facilities, 
gas compression facilities, liquid pumps, associated piping, 
and appurtenances. 


1.3 Limit State Design has been incorporated into this RP 
to provide a uniform factor of safety with respect to rupture 
or burst failure as the primary design condition independent 
of the pipe diameter, wall thickness, and grade. Background 
on theory and practice of limit states for pressure containing 
cylinders may be found in Hill!® and in Crossland and 
Jones!5, as listed in section 3, Referenced Publications. 
Burst design criteria within this practice are presently 
defined for carbon steel line pipe. Application of the pro- 
posed design criteria to other materials requires determina- 
tion by the user of the minimum burst criteria using the 
procedure set forth in Appendix A. 


1.4 The design, construction, inspection, and testing provi- 
sions of this RP may not apply to offshore hydrocarbon pipe- 
lines designed or installed before this latest revision of the RP 
was issued. The operation and maintenance provisions of this 
RP are suitable for application to existing facilities. 


1.5 Design and construction practices other than those set 
forth in sections 4 and 7 may be employed when supported by 
adequate technical justification, including model or proof 
testing of involved components or procedures as appropriate. 
Nothing in this RP should be considered as a fixed rule for 
application without regard to sound engineering judgment. 


Note: Certain governmental requirements or company specifi- 
cations may differ from the criteria set forth in this RP, and this 
RP does not supersede or override those differing requirements 
or specifications. 


1.6 This publication has incorporated by reference all or 
parts of several existing codes, standards, and RPs that have 


been found acceptable for application to offshore hydrocar- 
bon pipelines. 


CAUTION: Users must refer to the most recent editions 
of all documents incorporated by reference. In references 
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to any specific part of ASME B31.4 or ASME B31, the 
part is identified by its name (such as Chapter VID) in the 
1992 edition of ASME B31.4 and the 1995 edition of 
ASME B31.8. However, the reference is meant to be to 
the corresponding part in the latest revision or edition of 
the publication. 


1.7 Fora graphic representation of the scope of this RP, see 
Figure 1. 


2 Definitions and Symbols and 
Abbreviations 


2.1. DEFINITIONS 


2.1.1. design pressure: The design pressure at each 
cross-section is the maximum difference between internal 
pressure and external pressure during operating conditions. 
4.3.1 sets limits on design pressure. 


2.1.2 extreme loads: Loads that are unlikely to be 
exceeded during the lifetime of the pipeline. 


2.1.3. gas: A hydrocarbon in a vapor phase. oil: a hydro- 
carbon in liquid phase. 


2.1.4 offshore: The area seaward of the established coast- 
line that is in direct contact with the open sea, and seaward of 
the line marking the seaward limit of inland coastal waters. 


2.1.5 offshore pipeline riser: The vertical or near-verti- 
cal portion of an offshore pipeline between the platform pip- 
ing and the pipeline at or below the seabed. For purposes of 
internal pressure design, the “pipeline riser’? design factor 
applies to pipe within a horizontal distance of 300 ft from the 
surface facility, and the “pipeline” design factor applies 
beyond that point. A pipeline riser is differentiated from a 
pipeline to allow additional safety factors based on third party 
damage, dropped objects, etc. Therefore, a recommendation 
of 300 ft is provided for guidance. 


2.1.6 operational loads: Loads that may occur during 
normal operation of the pipeline. 


2.1.7 pipeline: Piping that transports fluids between off- 
shore production facilities or between a platform and a shore 
facility. Pipelines can be sub-classified into the three catego- 
ries of flowlines, injection lines, and export lines as further 
defined below. The use of the word pipeline in this RP applies 
to all three categories unless otherwise specifically noted in 
the RP. 
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' Onshore pipeline 
! , and facilities 


Onshore 


Offshore 


Pipeline 


Production facilities 
first processing/separation 
covered by API RP 14E \————— Production platform 


(fixed or floating) 


Pump station or 


1 
1 
1 
I 
: compressor station 


Tanker, barge, or storage ,7 Pipeline 
joading or unloading ae oy 


facilities \ 


Pipeline junction or 
metering platform 


i 
F sia - ——— Production platform 
Production facilities : 7% ! : ‘ 
first processing/separation ———t————-» ‘ (fixed or floating) 
covered by AP] RP 14E Sloe ; 
\ 


API RP 1111 
applies to pipelines starting 


~——————- Remote production platform 


at the 1st incoming or last aes 
outgoing block valve on Ma) PO ea. 
production facilities esha tems Wellhead production 
facilities 
Fiowlines 
Subsea 
manifold 
oy nn | 
Me Mood 
Subsea welihead 
: ere . production facilities 
Note: Solid lines = within scope of this RP. 
Broken lines = outside scope of this RP. 
Figure 1—Scope of AP! Recommended Practice 1111 
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DESIGN, CONSTRUCTION, OPERATION, AND MAINTENANCE OF OFFSHORE HYDROCARBON PIPELINES (Limit State DESIGN) 3 


a. export line: A pipeline that transports processed oil and 
gas fluids between platforms or between a platform and a 
shore facility. 

b. flowline: A pipeline that transports the well fluids from 
the wellhead to the first downstream process component. 
Flowlines covered by this RP originate at a subsea wellhead, 
subsea manifold, or a remote wellhead platform. Flowlines, 
which are confined to a single platform, are not covered by 
this RP (sce API RP 14E). 

c. injection line: A pipeline that directs liquids or gases 
into a formation, wellhead, or riser, to support hydrocarbon 
production activity (.e., water or gas injection, gas lift, or 
chemical injection lines, etc.). 


2.1.8 pipeline component: Any part of a pipeline that 
may be subjected to pressure by the transported hydrocarbon 
fluids. 


2.1.9 pipeline system: A pipeline and its components, 
including compressor stations and pump stations that are 
subjected to internal pressure by the transported hydrocarbon 
fluids. 


2.1.10 platform piping: Piping restricted to a production 
platform. The platform piping is that portion of the piping 
that is confined to the platform or is located between the first 
incoming block valve and the last out-going block valve. See 
APIRP 14E for platform piping recommended practices. 


2.1.11 primary load: A load necessary for equilibrium 
with applied loads. A primary load is not self-limiting. Thus, 
if a primary load substantially exceeds the yield strength, 
either failure or gross structural yielding will occur. 


2.1.12 production platform: A facility that is operated 
to produce liquid or gas hydrocarbons and that includes such 
items as wells, wellhead assemblies, completion assemblies, 
platform piping, separators, dehydrators, and heater treaters. 


2.1.13 splash zone: The area of the pipeline riser or 
other pipeline components that is intermittently wet and dry 
due to wave and tidal action. 


2.1.14 surge pressure: The pressure produced by sud- 
den changes in the velocity of the moving stream of hydrocar- 
bons inside the pipeline or riser. 


2.2. SYMBOLS AND ABBREVIATIONS 


A = cross sectional area of pipe steel, in mm? (in.2). 

A; = internal cross sectional area of the pipe, in mm? 

(in.?). 

Ap = external cross sectional area of the pipe, in mm? 
(in.). 


CEYP = capped end yield pressure in N/mm7 (psi). 


CEBP = capped end burst pressure in N/mm2 (psi). 
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outside diameter of pipe (equation dependent). 
inside diameter of pipe, in mm (in.) = (D — 2). 
maximum diameter at any given cross section, in 
min (in.). 

minimum diameter at any given cross section, in 
mm (in.). 

modulus of elasticity, in N/mm (psi). 

internal pressure (burst) design factor. 

weld joint factor, longitudinal or spiral seam welds. 
natural frequency, in cycles per second. 

collapse factor. 

propagating buckle design factor. 
vortex-shedding frequency, in cycles per second. 
temperature de-rating factor. 

bending safety factor for installation bending plus 
external pressure. 

bending safety factor for in-place bending plus 
external pressure. 

collapse reduction factor. 

feet. 

moment of inertia of pipe, in m* (ft’). 

computed burst factor. 


= end-fixity condition constant. 
= span length, in m (ft). 


natural log. 


= meter. 
= millimeter. 


approximate mass of pipe plus mass of water dis- 
placed by pipe. 

maximum operating pressure. 

newtons. 

Strouhal number. 

incidental overpressure (internal minus external 
pressure), in N/mm (psi). 

actual measured burst pressure, in N/mm2 (psi). 
specified minimum burst pressure of pipe, in 
N/mm? (psi). 

collapse pressure of the pipe, in N/mm? (psi). 
design pressure of the pipeline, in N/mm2 (psi). 
elastic collapse pressure of the pipe, in N/mm? 
(psi). 

internal pressure in the pipe, in N/mm? (psi). 
external hydrostatic pressure, in N/mm? (psi). 


buckle propagation pressure, in N/mm? (psi). 
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P, = 


Py = 
psi = 
RP = 
S= 


< 
MW 


hydrostatic test pressure (internal minus external 
pressure), in N/mm? (psi). 

yield pressure at collapse, in N/mm? (psi). 
pounds per square inch. 

Recommended Practice. 

specified minimum yield strength (SMYS) of pipe, 
in N/mm2 (psi). 

nominal wall thickness of pipe, in mm (in.). 
minimum measured wall thickness, in mm (in.). 


= axial tension in the pipe, in N (pounds). 


effective tension in pipe, in N (pounds). 

yield tension of the pipe, in N (pounds). 

specified minimum ultimate tensile strength of 
pipe, in N/mm? (psi). 

average measured ultimate tensile strength of pipe, 
in N/mm? (psi). 

effective velocity of seawater acting on pipe, in 
m/second (ft/second). 


= average measured yield strength of pipe, in N/mm2 


(psi). 
ovality. 


= bending strain in the pipe. 


buckling strain under pure bending. 


= maximum installation bending strain. 


maximum in-place bending strain. 


= axial stress in the pipe wall, in N/mm (psi). 


Poisson’s ratio (0.3 for steel). 


3 Referenced Publications 


The following codes, standards, practices, specifications, 
and publications are cited in this RP: 


API 

Spec 5L Line Pipe 

Spec 6D Pipeline Valves (Gate, Plug, Ball, and 
Check Valves) 

Std 1104 Welding of Pipelines and Related Facili- 
ties, Eighteenth Edition, May 1994 

RP2A-WSD Planning, Designing, and Constructing 
Fixed Offshore Platforms— Working Stress 
Design 

RP 5L1 Railroad Transportation of Line Pipe 

RP 14C Analysis, Design, Installation and Testing 


of Basic Surface Safety Systems on Off- 
shore Production Platforms, Sixth Edition, 
1998 
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RP 14E Design and Installation of Offshore Pro- 
duction Platform Piping Systems 
RP 1107 Pipeline Maintenance Welding Practices 
RP 1110 Pressure Testing of Liquid Petroleum 
Pipelines 
Publ 2200 Repairing Crude Oil, Liquefied Petroleum 
Gas, and Product Pipelines 
RP 2201 Procedures for Welding or Hot Tapping on 
Equipment in Service 
AGA! 
Submarine Pipeline On-Bottom Stability Analysis and 
Design Guidelines 
ANSI/ASQC2 
Z1.9-1993 Sampling Procedures and Tables for 
Inspection by Variables for Percent 
Nonconforming 
ASME? 
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4 Design 
4.1. DESIGN CONDITIONS 
4.1.1. Generali 


4.1.1.1 Offshore hydrocarbon pipelines, with the excep- 
tions noted in section 1, should comply with ail sections of 
this RP. 


4.1.1.2 Pipe selection for most offshore pipelines is deter- 
mined by considering installation and operation loads in addi- 
tion to the stresses resulting from internal pressure. Design 
should begin with material selection and pipe sizing for flow 
considerations and be modified later as a result of design 
cycles that include the following: 


a. Burst due to net internal pressure. 

b. Combined bending and tension during installation and 
operation. 

c. Collapse due to external pressure, with the pipe either 
empty or filled. 

d. Buckling and collapse due to combined bending and exter- 
nal pressure. 

e. Pipeline stability against horizontal or vertical displace- 
ment during construction and operation. 

f. Effects of thermal expansion and contraction. 

g. In-place and in-service pipeline repair capabilities. 

hb. Fatigue due to hydrodynamic and operational loading. 


4.1.1.3 This document is a limit state design practice 
because design is based on the strength of the pipe for each of 
the above limit states. 


4.1.2 Design for Internal and External Pressures 
4.1.2.1. Design for Internal Pressure 


Pipeline components at any point in a pipeline system 
should be designed for or selected to withstand the maximum 
differential pressure between internal and external pressures 
to which the components will be exposed during construction 


14Research and Special Programs Administration, U.S. Department 
of Transportation. The Code of Federal Regulations is available 
from the U.S. Government Printing Office, Washington, D.C. 20402. 
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and under operating conditions. The maximum differential 
pressure for a flowline may be due to a shut-in pressure con- 
dition. This condition may result from closure of a valve at 
the production facility without closing the valves at the tree, 
manifold, or downhole safety valve. The condition may also 
occur due to leakage of these same valves or due to plugging 
of the flowline. The shut-in pressure condition should be con- 
sidered unless an overpressure protection device or system is 
installed. (Reference: API RP 14C.) 


4.1.2.2 Design for External Pressure 


An important consideration in offshore pipeline design is 
external pressure on all undersea pipeline systems. The sig- 
nificance of external pressure has been demonstrated by the 
buckling of large pipelines subjected to severe bending and 
external pressure. 


4.1.3. Thermal Influences 


4.1.3.1. The design should consider the effects of thermal 
expansion and contraction of the pipeline system. When tem- 
perature changes are anticipated, the pipeline approach to a 
platform or subsea junction should have additional flexibility 
for expansion and contraction using measures such as slack 
curves, pipeline bends, and thermal expansion devices. 


4.1.3.2 Adequate measures should be taken to prevent 
excessive strains or fatigue damage due to thermally induced 
upheaval buckling of buried pipelines or lateral buckling of 
nonburied pipelines. Design considerations for upheaval and 
lateral buckling should account for fatigue, longitudinal and 
combined loads as described in 4.5 and 4.6.5. (More informa- 
tion can be found in the reference paper OTC-6335.!3) 


4.1.4 Static Loads 


4.1.4.1. The design should consider static loads imposed on 
the pipeline. These include the weight of the pipe, coating, 
appurtenances, and attachments; external and internal hydro- 
static pressure and thermal expansion loads; and the static 
forces due to bottom subsidence and differential settlement. 


4.1.4.2 The weight-related forces are of special concern 
where the pipeline is not continuously supported, that is, 
where spans are expected to occur. Spans are also of concern 
where seismic liquefaction of the supporting bottom could 
occur, and where mud slides could occur, such as in some 
areas around the Mississippi River delta. 


4.1.4.3 The weight of the submerged pipeline can be con- 
trolled through the combination of the pipe wall thickness 
and the density and thickness of the external (concrete) 
weight coating. Weight calculations should consider stability 
both when empty (the usual as-laid condition) and when full 
of the fluid to be carried. 


4.1.4.4 Consideration should be given to preventing unac- 
ceptably long unsupported lengths by use of dumped gravel, 
attached supports, sand bagging, or other suitable means. 


4.1.4.5 Thermal expansion loads are not to be considered as 
primary loads unless they can lead to buckling of the pipeline. 


4.1.5 Dynamic Loads 


The design should consider dynamic loads and the result- 
ing stresses imposed on the pipeline. These may include 
stresses induced by impact, vibration due to current-induced 
vortex shedding and other hydrodynamic loading, seismic 
activity, soil movement, and other natural phenomena. Forces 
imposed during construction induce bending, compressive, 
and tensile stresses, which in combination with other stresses 
can cause pipeline failure. 


4.1.6 Relative Movement of Connected 
Components 


4.1.6.1. The design should consider the effect of the move- 
ment of one component relative to another and the movement 
of pipe-supporting elements relative to the pipe. 


4.1.6.2 A catenary riser shall be designed in accordance 
with strain limits based on a curvature-controlled configura- 
tion. Refer to ASME B31.8 (A842.23) and to Sections 4.3 
and 4.5 below for the design considerations. Design should 
include allowable movement of the catenary risers and 
avoidance of interference with other risers and mooring 
lines suspended from the structure. The catenary riser 
touch-down point is expected to reposition itself from time 
to time during its service life, which should be acceptable 
provided the requirements of strain limits and fatigue life 
are adequately met. 


4.1.7 Corrosion Allowances 
4.1.7.1. Allowance for External Corrosion 


Adequate anti-corrosion coating and cathodic protection 
should be provided. Refer to NACE RP 0675 as a guideline 
for the control of external corrosion. A corrosion allowance 
for external corrosion is not required. 


4.1.7.2 Allowance for Internal Corrosion 


Adequate measures should be taken to protect against 
internal corrosion. Proper selection of pipe material, inter- 
nal coating, injection of a corrosion inhibitor, or a combina- 
tion of such options should be considered. The selected pipe 
wall thickness may still include a corrosion allowance 
depending on the preference for such measures and their 
effects to control the corrosion. Withdrawn NACE publica- 
tion, RP 0175, or its future replacement may provide some 
guidance on this subject. A corrosion allowance for internal 
corrosion is not required. 
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4.2 DESIGN CRITERIA 
4.2.1 General 


This subsection provides design factors governing the 
maximum operating pressure and the maximum incidental 
pressure of a pipeline system, and how these pressure levels 
relate (see Figure 2). 

4.2.2 Maximum Operating Pressure 
4.2.2.1. Maximum Operating Pressure Limits 


4.2.2.1.1 The maximum operating pressure (MOP) should 
not exceed any of the following: 


a. The design pressure of any component, including pipe, 
valves, and fittings. 

b. 80% of the applied hydrostatic test pressure in accordance 
with 8.2. 


4.2.2.1.2 For purposes of design, pressure shall be inter- 
preted as the difference between internal pressure and exter- 
nal pressure acting on the pipeline. 


4.2.2.2 Incidental Overpressure 


Incidental overpressure includes the situation where the 
pipeline is subject to surge pressure, unintended shut-in pres- 
sure, or any temporary incidental condition. The incidental 
overpressure should not exceed 90% of the hydrotest pres- 


Burst pressure, the limit state 
Hydrostatic test pressure 
Incidental overpressure 


Design pressure 


Maximum operating pressure 


Operating pressure (OP) 
normal range 


Atmospheric pressure 


Note: See 9.2.2 for primary and secondary 
overpressure protection device settings. 


sure. The incidental pressure may exceed MOP temporarily; 
but the normal shut-in pressure condition should not be 
allowed to exceed MOP. 


4.2.3. Pressure Ratings for Pipeline Components 
4.2.3.1 Components 


Valves, flanges, and other components should have pres- 
sure ratings equal to or exceeding the design pressure of the 
pipeline or flowline. 


4.2.3.2 Components without Specific Ratings 


Components not manufactured to a standard specification 
may be qualified for use as specified in ASME B31.4, 423, or 
ASME B31.8, A811. Nonmetallic trim, packing, seals, and 
gaskets should be made of materials compatible with the fluid 
in the pipeline and with the offshore environment. 


4.2.3.3 Seqmentation for Different MOPs 


Pipelines that are segmented to operate at different MOPs 
should have a valve (and any associated components) rated 
for the higher MOP installed at the point of pressure segmen- 
tation. The lower MOP segment should be protected from 
overpressure by high-pressure shutdown devices at the appro- 
priate connected platforms, or by a relief system if the seg- 
ment terminates on shore. Automatic or remote operation of 


Max. fraction of Pp, 


Pipeline Riser 

Pp 1.000 1.000 

PrS fale ht Pp 0.900 0.750 

P,< 0.90 P; 0.810 0.675 

Pq = 0.80 Py 0.720 0.600 
MOP < Py 
OP < MOP 

0.000 0.000 


Figure 2—Pressure Level Relations 
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the valve at the point of pressure segmentation should be con- 
sidered only if reliability of communication and actuating 
power to the valve is appropriately ensured. 


4.3 PRESSURE DESIGN OF COMPONENTS 
4.3.1 Internal Pressure (Burst) Design 


The hydrostatic test pressure, the pipeline design pressure, 
and the incidental overpressure, including both internal and 
external pressures acting on the pipelines, shall not exceed 
that determined by the formulae (see Figure 2): 


Pi Sfateti Pp (la) 
P< 0.80 P; (1b) 
P, <0.90 P; (1c) 


where 


fa = internal pressure (burst) design factor, applica- 
ble to all pipelines 
= 0.90 for pipelines 
= 0.75 for pipeline risers, 
fe = weld joint factor, longitudinal or spiral seam 


welds. See ASME B31.4 or ASME B31.8. Only 
materials with a factor of 1.0 are acceptable, 


f; = temperature de-rating factor, as specified in 
ASME B31.8 
= 1.0 for temperatures less than 121°C (250°F), 


P, = incidental overpressure (internal minus external 


pressure), in N/mm# (psi), 

P, = specified minimum burst pressure of pipe, in 
N/mm? (psi), 

Pz = pipeline design pressure, in N/mm? (psi), 

P; = hydrostatic test pressure (internal minus exter- 
nal pressure), in N/mm? (psi). 


The specified minimum burst pressure (P,) is determined 
by one of the following formulae: 


P, = 0.45 (S+ U) in ze ,or (2a) 
t 
where 
D = outside diameter of pipe, in mm (in.), 


D; = D—2t= inside diameter of pipe, in mm (in.), 
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S = specified minimum yield strength (SMYS) of pipe, 
in N/mm (psi) (See API Specification SL, ASME 
B31.4, or ASME B31.8 as appropriate.), 


t = nominal wall thickness of pipe, in mm (in.), 


U = specified minimum ultimate tensile strength of 
pipe, in N/mm2 (psi), 


In = natural log. 


Notes: 


1. The two formulae, 2a and 2b, for the burst pressure are equivalent 
for Dit > 15. For low Dit pipe (D/t < 15) formula 2a is recom- 
mended. 


2. Determination of specified minimum burst pressure for unlisted 
materials shall be in accordance with Appendix A. 


3. Improved control of mechanical properties and dimensions can 
produce pipe with improved burst performance. The specified 
minimum burst pressure may be increased in accordance with 
Appendix B. 


4.3.1.1 Longitudinal Load Design 


The effective tension due to static primary longitudinal 
loads (see 4.6.3) shall not exceed the value given by: 


Tog S 0.607, (3) 
where 
Tog = Ta - Pi; + PoAo 
Tg=GgA 
Ty = SA 


A=A,-Ai= 4(D*-D*) 


A = cross-sectional area of pipe steel, in mm? (in.?), 
A; = internal cross-sectional area of the pipe, mm? (in.”), 
Ao = external cross-sectional area of the pipe, mm? (in.”), 
P; = internal pressure in the pipe, in N/mm? (psi), 
P, = external hydrostatic pressure, in N/mm? (psi), 
T, = axial tension in pipe, in N (Jb), 
Tog = effective tension in pipe, in N (Ib), 
T, = yield tension of the pipe, in N (1b), 


6, = axial stress in the pipe wall, in N/mm? (psi). 
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4.3.1.2 Combined Load Design 


The combination of primary longitudinal load (static and 
dynamic) and differential pressure load shall not exceed that 
given by: 


3 3 |0.90] | For operational loads 
P i —P. o Tog 
f ) +( } S |0.96] | For extreme loads (4) 
P, T, 
0.96] | For hydrotest loads 


4.3.2 External Pressure (Collapse) Design 


During construction and operation, offshore hydrocarbon 
pipelines may be subject to conditions where the external 
pressure exceeds the internal pressure. The differential pres- 
sure acting on the pipe wall due to hydrostatic head can cause 
collapse of the pipe. The pipe selection should provide a pipe 
of adequate strength to prevent collapse, taking into consider- 
ation the physical property variations, ovality, bending 
stresses, and external loads. The combined application of 
equations 5 through 8 in the following sections shall be used 
in all external pressure design calculations. 


4.3.2.1. Collapse Due to External Pressure 


The collapse pressure of the pipe must exceed the net 
external pressure everywhere along the pipeline as follows: 


(Po- Pi) Sfo Pe (5) 
where 
Jo = collapse factor 
= 0.7 for seamless or ERW pipe 
= 0.6 for cold expanded pipe, such as DSAW pipe, 
P,, = collapse pressure of the pipe, in N/mm? (psi). 


The following equations can be used to approximate col- 
lapse pressure: 


pe ce (6a) 


PsP 


P, = 25( 5) (6b) 
t 3 
f= 2g) 5) (6c) 


where 
E = modulus of elasticity, in N/mm? (Ib/psi), 


P, = elastic collapse pressure of the pipe, in N/mm? (psi), 


A.) 
Hl 


yield pressure at collapse, in N/mm? (psi), 
vy = Poisson’s ratio (0.3 for steel). 
The collapse pressure predicted by these or other formulas 
should be compared to the hydrostatic pressure due to water 


depth to ensure adequate wall thickness is chosen for the 
range of water depths to be encountered. 


4.3.2.2 Buckling Due to Combined Bending and 
External Pressure 


Combined bending strain and external pressure load should 
satisfy the following: 


£ (PoP) 


= P. < g(5) (7) 


To avoid buckling, bending strains should be limited as fol- 
lows: 


€ 2 fie] (8a) 
E> fren (8b) 


where 
g(5) = (1 + 208)! = collapse reduction factor 


£3 Dax ~ Darin 


=F. aD = ovality 


max min 


€ = bending strain in the pipe 

fp = 5 = buckling strain under pure bending, 

&; = maximum installation bending strain, 

€2 = maximum in-place bending strain, 

J, = bending safety factor for installation bending plus 
external pressure, 


J = bending safety factor for in-place bending plus 
external pressure, 


Dex = Maximum diameter at any given cross section, in 
mm (in.), 

Dmin = Minimum diameter at any given cross section, in 
mm (in.). 


Note: Equation 7 is acceptable for a maximum D/t = 50. Refer to the 
OMAE article !2 for utilizing ratios higher than 50. 
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Safety factors f; and f, should be determined by the 
designer with appropriate consideration of the magnitude of 
increases that may occur for installation bending strain, €1, 
and in-place bending strain, €2. A value of 2.0 for safety fac- 
tors f; and f) is suggested. Safety factor f; may be larger 
than 2.0 for cases where installation bending strain, €1, 
could increase significantly due to off-nominal conditions, 
or smaller than 2.0 for cases where bending strains are well 
defined (e.g., reeling). 


4.3.2.3 Propagating Buckles 


4.3.2.3.1 A buckle resulting from excessive bending or 
another cause may propagate (‘“‘travel” along the pipe). Off- 
shore hydrocarbon pipelines can fail by a propagating buckle 
caused by the hydrostatic pressure of seawater on a pipeline 
with a diameter-to-wall-thickness ratio that is too high. For 
submarine pipelines, since hydrostatic pressure is the force 
that causes a buckle to propagate, it is useful to estimate the 
buckle propagation pressure. If conditions are such that prop- 
agating buckles are possible, means to prevent or arrest them 
should be considered in the design. 


4.3.2.3.2 Buckle arrestors should be used under the fol- 
lowing condition: 


P,—P;2 tb Py (9) 
where 


24 . 
P, -9 4s] t | = Once Peper pressure, 
D in n/mm’” (psi) 


fp = propagating buckle design factor = 0.80. 


Design of buckle arrestors is described in articles of the 
International Journal of Mechanical Sciences’ and OTC- 
10711.!3 A buckle arrestor is a device attached to or welded. 
as part of the pipe, spaced at suitable intervals along the pipe- 
line, capable of confining a collapse failure to the interval 
between arrestors. 


4.4 MARINE DESIGN 


Design of an offshore pipeline should consider the forces 
and resulting stresses and strains imposed by the laying pro- 
cess and the longer-term stresses and strains imposed by the 
offshore environment. In many cases, such as installation by 
reeling, these strains may control selection of SMYS and wall 
thickness of the pipeline. Where dynamic loading is a factor, 
a fatigue analysis of pipelines and pipeline risers should be 
performed. 
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4.4.1 Installation of Pipeline and Riser 
Normal lay methods include the following: 


a. Conventional pipe-lay, also called S-lay, in which the pipe 
is laid from a near-horizontal position on a lay barge using a 
combination of horizontal tension and a stinger (bend-limit- 
ing support). 

b. Vertical (or near-vertical) pipe-lay, also called J-lay, in 
which the pipe is laid from an elevated tower on a lay barge 
using longitudinal tension with or without a stinger so that no 
overbend is developed at the sea surface. 

c. Reel barge lay, in which the pipe is made up at some 
remote location, spooled onto a large radius reel aboard a reel 
lay vessel, and then reeled off using longitudinal tension, with 
or without a stinger, and usually involving pipe straightening 
through reverse bending on the barge. 

d. Towed lay, in which the pipe is transported from a remote 
assembly location to the installation site by towing either on 
the water surface, at a controlled depth below the surface, or 
on the sea bottom. 


4.4.2. Hydrodynamic Stability 


4.4.2.1. An offshore pipeline is subject to wave-induced 
and current-induced forces. For a pipeline resting on the sea- 
bed, lift and drag forces will be created. For that portion of a 
pipeline suspended between seabed irregularities, oscillation 
due to vortex shedding can occur. Evaluations of these forces 
should be made by alternately assuming (a) the pipe is empty 
(construction condition), and (b) it is full of transported fluid 
(operating condition). 


4.4.2.2 The lift and drag forces created by current-induced 
and wave-induced flow of water on the sea bottom can result 
in excessive strains, fatigue from repeated lateral move- 
ments, encroachment on other pipelines, structures, bottom 
features, etc. of an offshore pipeline if not countered by a 
restraining force. Generally, a restraining force is supplied 
by on-bottom weight of the pipeline. Wall thickness of the 
pipe, thickness and density of the weight coating, or both are 
commonly used to control on-bottom weight. Where bottom 
conditions and water depths permit, anchors or weights may 
be viable alternatives. 


4.4.2.3. The AGA Level 2 or Level 3 Analysis for Subma- 
rine Pipeline On-Bottom Stability! may be used for assessing 
on bottom stability requirements. 


4.4.2.4 Specific geographic locations are subject to natural 
phenomena that can expose an offshore pipeline to unusual 
forces. The design of an offshore pipeline should consider 
such forces regarding stability and safety of the pipeline. 
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Examples of natural phenomena and their effect on offshore 
pipelines follow: 


a. Earthquakes can liquefy some sea bottom sediments. As a 
result, a pipeline could tend to either sink or float, depending 
on specific gravity relative to the liquefied bottom. 

b. Hurricanes, cyclones, and typhoons can cause high cur- 
rents and large cyclic wave action, which together or 
individually can cause liquefaction or weakening of some sea 
bottom sediments. As a result, a pipeline may tend to sink, 
float, or move laterally. 

c. Gross sea bottom movement (such as mudslides or sea bot- 
tom subsidence) may subject a pipeline to large lateral forces. 
As a result, a pipeline may tend to sink, float, or move later- 
ally as the moving sediment is effectively liquefied. 

d. Sediment transport or scour of susceptible soils due to 
bottom currents and or wave action may result in exposure of 
a buried or partially buried pipeline, loss of soil restraint, or 
increase in free spans. 


4.4.2.5 It may not be possible to quantify the effect of 
these natural phenomena for a specific offshore pipeline 
and location. Consideration should be given to modifying 
an otherwise optimum design to reroute around a potential 
sea-bottom movement zone. In those rare conditions where 
weight-coating or trenching methods may not represent a 
suitable solution—such as on a solid rock surface or in 
shallow water zones of extremely high currents—the use of 
anchors or pipeline weights may be a viable addition or 
alternative. 


4.4.3. Spans 


The length of unsupported spans on an offshore pipeline 
should be controlled to avoid excessive loads or deformations 
im the pipeline. 


4.4.3.1. Span Limitation Due to Weight, Pressure, 
and Temperature 


Refer to 4.1.4 and 4.6.3 for the static loads and limits on 
combined loads in determining the span limitation due to its 
own weight, pressures, temperature, and primary longitudinal 
loading. 


4.4.3.2. Span Limitation Due to Vortex Shedding 


4.4.3.2.1 Spans exposed to transverse flow of seawater due 
to currents and waves are subject to a phenomenon com- 
monly referred to as vortex shedding. This can cause the pipe- 
line to oscillate as vortices alternately change the pressure 
above it and the pressure below it as they form and detach. 
Large amplitude oscillations may occur unless the natural fre- 
quency of the span is sufficiently greater than the frequency 
of vortex shedding. 


4.4.3.2.2 Two general equations can be used to predict 
whether a span may be subject to potentially destructive 
oscillation. The first calculates the vortex-shedding fre- 
quency: 


N,V 
f.= a (10) 
where 
D = outside diameter of pipe, in m (ft), 
f; = vortex-shedding frequency, in cycles per second, 
N, = Strouhal number (0.2 in most applications), 
V = effective velocity of seawater acting on pipe, in 


m/sec (ft/sec). 


The second calculates the natural frequency of the span: 


fe = Ele (11) 
where 
Jn = natural frequency, in cycles per second, 
I = moment of inertia of pipe, in m4 (ft*), 
K = end-fixity condition constant, 
L = span length, in ft (m), 
M = approximate mass of pipe plus mass of water dis- 


placed by pipe, in kg/m (slugs/ft). 


4.4.3.2.3. Comparison of frequencies obtained from these 
calculations should indicate the tendency of a span to oscil- 
late because of vortex shedding. As with other stability calcu- 
lations, determination of may be complex. 


4.4.3.2.4 Both tension and axial stiffness affect the natural 
frequency. The tension and axial stiffness of the pipe may 
increase the natural frequency above that calculated by using 
equation 11. Span limitation due to vortex shedding should be 
based on the increased natural frequency due to the combined 
effect of tension and axial stiffness. Alternative methods such 
as finite element analysis can be employed to estimate struc- 
tural response to the vortex shedding. More discussion on this 
subject can be found in the MIT thesis’ and the DNV Guide- 
line No. 14.5 


4.5 FATIGUE ANALYSIS 


4.5.1 All pipeline components such as risers, unsupported 
free spans, welds, J-lay collars, buckle arrestors, and flex- 
joints, should be assessed for fatigue. Potential cyclic load- 
ing that can cause fatigue damage includes vortex-induced- 
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vibrations (VIV), wave-induced hydrodynamic loads, and 
cyclic pressure and thermal expansion loads. The fatigue 
life of the component is defined as the time it takes to 
develop a through-wall-thickness crack of the component. 
The design fatigue life, predicted by the Palmgren-Miner 
(S-N) methods, should be at least 10 times the service life 
for all components. An S-N fatigue analysis to the stated cri- 
teria is sufficient to assure integrity for anticipated welded, 
machined, and base metal components; and a fracture 
mechanics crack growth analysis generally is not required. 
Refer to the Department of Energy document® for guidance 
on S-N curves. 


4.5.2 If a fracture mechanics crack growth analysis is 
employed, the design fatigue life should be at least 10 times 
the service life for all components. The initial flaw size 
should be the smallest reject flaw specified for the non- 
destructive testing during manufacture of the component in 
question. 


4.5.3 Bending is an important consideration for fatigue. 
Indeed, the wave-induced bending moments in the splash 
zone are important for fatigue consideration. 


4.5.4 For acatenary riser, the accumulated fatigue damage 
during 30 hours of exposure to a single occurrence of the 
100-year hurricane should be less than 1.0 by the S-N 
method. This can be thought of as a 100-year design storm 
lasting 3 hours with a factor of safety of 10. The purpose of 
this check is to ensure that the riser does not fail in fatigue 
during a hurricane event. The riser should be analyzed for 
vortex-induced vibrations such as during a Gulf of Mexico 
100-year loop current event. If vibrations are predicted, 
appropriate suppression devices such as fairings or helical 
strakes should be mounted on the riser throughout the section 
affected by VIV. 


4.6 LOAD LIMITS 
4.6.1 Cold Bent Pipe 


Field cold bends are acceptable provided that their radii are 
within the limits of Table 1 and the bent pipe meets the col- 
Japse and buckling criteria in 4.3.2. 


Table 1—Minimum Radius of Field Cold Bends 


Pipe Size Minimum Radius 
(MPS) of Field Bends 
<12 18D 
14 21D 
16 24D 
18 27D 
220 30D 


Note: D = outside pipe diameter. 


4.6.2 Longitudinal Loads 


Static primary longitudinal loads (e.g., top tension of a cat- 
enary riser) should be limited to 60% of the yield tension of 
the pipe. Displacement controlled conditions, such as bend- 
ing in a J-tube, bending in a catenary riser, restrained thermal 
expansion and constraint loads, are not so limited; but the 
resulting strain should be kept within allowable limits. See 
ASME B31.8, A842.23 for design considerations. 


4.6.3 Combined Loads 


The combined load due to internal pressure and primary 
longitudinal loads should be limited to 90% for functional 
loads, 96% for extreme loads, and 96% for hydrotest load 
(see Equation 4 in 4.3.1.2). 


4.6.4 Test Pressure 


See 8.2.4 for limitations on hydrotest pressure. 


4.6.5 Expansion and Flexibility 


The design and material criteria applicable to the expan- 
sion and flexibility of offshore hydrocarbon pipelines should 
be in accordance with 4.6.2 and 4.6.3. 


4.7. VALVES, SUPPORTING ELEMENTS, AND 
PIPING 


4.7.1 Valves, Fittings, Connectors, and Joints 


4.7.1.1 If the wall thickness of the adjoining ends of pipe, 
valves, or fittings is unequal, the joint design for welding 
should be made as indicated in ASME B31.4, Figure 
434.8.6(a)-(2), for liquid pipelines or ASME B31.8, Appen- 
dix I, Figure I5, for gas pipelines. Transverse segments cut 
from factory-made bends and elbows may be used for 
changes in direction provided the arc distance measured 
along the crotch is at least 50.8 mm (2 in.) for pipe of NPS 4 
or larger. 


4.7.1.2 Seal design for valves, fittings, and connectors 
should include consideration of external pressure. External 
pressure may exceed internal operating pressure for pipelines 
in deep water. Seal design should also consider operating 
conditions that may result in frequent changes in the internal 
operating pressures, which combined with high external 
water pressure, result in frequent pressure reversals on sealing 
mechanisms. 


4.7.1.3 Where pigging devices are to be passed, all valves 
shall be of full-bore design. 


4.7.1.4 Consideration should be given to the effects of ero- 
sion at locations where the flow changes direction. 
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4.7.2. Supporting Elements 


4.7.2.1 Supports, braces, and anchors for pipelines should 
be designed in accordance with ASME B31.4, 421, for liquid 
pipelines; and ASME B31.8, A834 and A835, for gas pipe- 
lines. In particular, the design and installation of a riser guard 
should be included for any riser that is subject to potential 
contact with floating vessels. 


4.7.2.2 Riser guards should be installed to protect risers in 
areas exposed to potential impact of marine traffic. A riser 
guard should be designed to provide impact protection for an 
appropriate vessel size and impact velocity. Riser guard 
design should also consider the effects of transfer of riser 
guard loads to the platform structure. 


4.7.3 Design of Supports and Restraints 


Design of supports and restraints should employ the latest 
edition of API RP 2A-WSD. 


4.7.4 Auxiliary Piping 


Auxiliary hydrocarbon and instrument piping containing 
pipeline fluids should be designed and constructed in a man- 
ner consistent with the provisions of ASME B31.4 for liquid 
pipelines or ASME B31.8 for gas pipelines and with the pro- 
visions of this RP for offshore hydrocarbon pipelines. 


4.8 ROUTE SELECTION 
4.8.1 Route of the Pipeline 


The route of an offshore pipeline should be thoroughly 
analyzed using the data from available charts, maps, other 
sources of relevant information, and a field hazards survey as 
described in 4.8.2. Whenever practical, the selected route 
should avoid anchorage areas, existing underwater objects 
such as sunken vessels and pilings, active faults, rock out- 
crops, and mud slide areas. The selection of route should take 
into account the installation methods applicable and should 
minimize the resulting installation stresses. The route of the 
pipeline should be shown on maps of an appropriate scale. 


4.8.2 Preliminary Environmental, Bathymetric, and 
Hydrographic Surveys 


In selecting a satisfactory route for an offshore pipeline, a 
field hazards survey should be performed to identify poten- 
tial hazards such as sunken vessels, piling, wells, geologic 
and man-made structures, and other pipelines. The bottom 
topographic and geologic features and soil characteristics 
should be determined. Data on normal and storm winds, 
waves and current, and marine activity in the area should be 
obtained where available. In areas where soil characteristics 
will be a factor in design and where previous operations or 
studies have not adequately defined the bottom soils, on-site 


samples should be acquired. Refer to the appropriate regula- 
tory agencies for minimum requirements for conducting 
hazard surveys. 


4.9 FLOW ASSURANCE 


4.9.1 Flow Assurance must be considered in the design of 
offshore liquid, gas, and multiphase pipelines. Flow Assur- 
ance refers to the facilities and operational procedures 
required to ensure that adequate flow can be sustained 
throughout the design life of a pipeline under all expected 
flow conditions for the range of pressure, temperatures, fluid 
properties and phase conditions existing during start up, nor- 
mal, shut down and emergency operations. The consider- 
ations include test evaluation and behavior prediction of fluid 
properties, heat transfer, pressures, flow conditions, flow 
treatments with chemicals, and pigging operations. Some of 
the operational problems or failures encountered which 
design efforts should strive to prevent or reduce are: 


a. Formation of hydrates that may plug a pipeline. 

b. Paraffin and/or asphaltine deposition on pipeline walls 
resulting in flow restriction. 

c. Inefficient or reduced flow from multiphase flow regimes 
such as slugging. 

d. Pipeline liquid contents cooling to temperatures below the 
pour point forming solid gel phase. 

e. Drop-out of salt or sand that can cause restriction within 
the pipeline, and accelerated corrosion. 

f. Flows which produce emulsions detrimental to processing. 
g. Liquid slugging. 


4.9.2 These considerations are increasingly important in 
pipeline system design for installations in colder environ- 
ments as encountered, for example, in deeper waters off the 
continental shelf of the Gulf of Mexico. The higher opera- 
tional risk associated with these conditions arises from the 
importance of maintaining temperatures above pour point, 
cloud point, and hydrate formation temperature. Designs such 
as pipe-in-pipe, vacuum-insulated pipes, electrically heated 
flowlines and chemical additives are examples of industry 
solutions currently in use or development to minimize the 
adverse affects of colder deep water. 


5 Materials and Dimensions 
5.1 MATERIALS 
5.1.1. General 


5.1.1.1 Materials and equipment that will become a perma- 
nent part of any piping system constructed under this RP 
should be suitable and safe for the conditions under which 
they are used. Materials and equipment should be qualified 
for the conditions of their use by compliance with specifica- 
tions, standards, and special requirements of this RP, ASME 
B31.4 for liquid pipelines, or ASME B31.8 for gas pipelines. 
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The design should consider the significance of temperature 
and other environmental conditions on the performance of the 
material, as indicated by such factors as toughness and ductil- 
ity at the minimum operating temperature; the effect of corro- 
sion (see section 10); and the means that may be necessary to 
mitigate corrosion and other deterioration of the material in 
service, The maximum hydrostatic test pressure allowed in 
this RP can result in stresses exceeding yield near the inner 
surface of the pipe. The potential for growth of existing flaws 
under this loading should be considered. 


5.1.1.2 Components constructed from composite materi- 
als that have been designed, tested, and recommended by the 
manufacturer may be considered for use. Pipe, valves, and fit- 
tings made of cast iron, bronze, brass, or copper shall not be 
used for primary service applications on hydrocarbon pipe- 
lines in cases where they are subjected to pipeline operating 
pressures or are in direct contact with the gas or liquid trans- 
ported. 


5.1.2 Pipe 


Only steel pipes that conform to the requirements in 
ASME B31.4 and ASME B31.8 and have a weld joint factor 
of 1.0 are acceptable. Materials not listed should be qualified 
in accordance with ASME B31.4 or ASME B31.8, as appro- 
priate, and Appendix A of this RP. 


5.1.3 Valves 


Valves that conform to API Specification 6D are acceptable 
and should be used in accordance with service recommenda- 
tions of the manufacturer. 


5.1.4 Flanges 


Flanges that conform to ASME B16.5, ASME B16.47, or 
MSS SP-44 are acceptable. 


5.1.5 Fittings Other Than Valves and Flanges 


Components such as elbows, branch connections, closures, 
reducers, and gaskets which comply with ASME B31.4 and 
ASME B31.8 as appropriate are acceptable. Components not 
covered by the standards listed in ASME B31.4 or ASME 
B31.8 shall be qualified in accordance with paragraphs 404.7 
and 831.36 respectively. 


5.2 DIMENSIONS 


Dimensions used in offshore hydrocarbon pipelines 
should be in accordance with the American Society of 
Mechanical Engineers (ASME International) dimensions 
specifications where practicable. Other dimensional criteria 
are acceptable, provided the design strength and test capabil- 
ities of the component equal or exceed those provided by a 
referenced component. 
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6 Safety Systems 
6.1 SAFETY SYSTEMS 


For each pipeline system, a safety system should be pro- 
vided that will prevent or minimize the consequences of over- 
pressure, leaks, and failures in accordance with API RP 14C, 
Appendix A, section A.9. 


6.2 LIQUID AND GAS TRANSPORTATION 
SYSTEMS ON NONPRODUCTION 
PLATFORMS 


6.2.1 Hydrocarbon Systems on Platforms with 
Liquid Pumps or Gas Compressors 


Liquid and gas hydrocarbon pipeline facilities on non- 
production platforms on which liquid pumps or gas com- 
pressors are installed should be provided with a safety sys- 
tem in accordance with API RP 14C, Appendix A, section 
A.9. The design of the safety system should also consider 
the need to limit surge pressures and other deviations from 
normal operations. 


6.2.2 Hydrocarbon Systems on Platforms without 
Liquid Pumps or Gas Compressors 


Hydrocarbon pipeline facilities consisting only of junc- 
tion piping, block valves, scraper traps, or measurement 
equipment on nonproduction platforms not equipped with 
liquid pumps, gas compressors, or other sources of flow 
input are not subject to 6.2.1, but should be equipped with 
check valves or other valves on each incoming line to pre- 
vent back flow. 


6.3 LIQUID AND GAS TRANSPORTATION 
SYSTEMS ON PRODUCTION PLATFORMS 


Liquid or gas pipeline facilities on production platforms 
should have a safety system in accordance with the require- 
ments of the platform owner or operator, but in no case 
should the safety system be less than that which would be 
provided in 6.2.1. 


6.4 BREAK-AWAY CONNECTORS 


In areas of potential mud slides, where the severity of the 
slide could cause a tensile pull on the pipeline of a magnitude 
that might cause damage to a platform or to a subsea connec- 
tion, break-away connectors should be considered for protec- 
tion of the platform or other pipeline. When conditions are 
such that an oil spill might result from break-away, the design 
should include a built-in check valve to minimize loss of fluid 
from the pipeline upon break-away. Special consideration 
should be given to selection and installation of the check 
valve to ensure timely positive closure. 
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7 Construction and Welding 
7.1 CONSTRUCTION 
7.1.1 General 


Pipeline systems should be constructed in accordance with 
written specifications that are consistent with this RP. The lay 
methods described in 4.4.1 and other construction techniques 
are acceptable under this RP provided the pipeline meets all 
the criteria in this RP. 


7.1.2 Construction Procedures 


7.1.2.1 Construction of offshore pipelines requires care- 
ful control of the pipe as it is installed onto the sea floor. The 
installation system should be carefully designed, imple- 
mented, and monitored to ensure safe handling to protect 
the integrity of the pipeline system. A written construction 
procedure should be prepared. It should identify the allow- 
able limits for the basic installation variables, including the 
following: 


a. Pipe tension. 

b. Pipe departure angle. 

c. Water depth during laying operations and temporary 
abandonment. 

d. Retrieval. 

e. Termination activities. 


7.1.2.2 The construction procedure should reflect the 
allowable limits of continuous lay operations, the limits 
where correction or temporary abandonment is necessary, and 
the conditions that require supplemental inspection for sus- 
pected damage. 


7.1.2.3 Construction workers should be advised of their 
safety- awareness responsibilities to protect themselves and 
the pipeline during construction. 


7.1.3 Route Marking 


The pipeline route should be either physically marked 
before construction or positioned with the use of an electronic 
tracking system during construction to ensure that the pipe- 
line is installed on the designated route. 


7.1.4 Handling, Hauling, and Storing of Materials 


7.1.4.1. Onshore 


Materials stored onshore before loading for offshore con- 
struction should be handled as provided in ASME B31.4, 
434.4, for liquid pipelines; or ASME B31.8, 841.251, and 
A816 for gas pipelines. Pipe transported by railroad enroute 
to the loading site should be transported in accordance with 
API RP 5L1. 


7.1.4.2 Offshore 


Materials enroute to the offshore work site should be prop- 
erly secured to minimize damage or deterioration in offshore 
transit. When stored at the offshore work location, materials 
should be secured and protected from damage. 


7.1.5 Damage to Materials 


Before being moved to the offshore work site, all materials 
should be inspected. Damaged materials should be replaced 
or repaired in accordance with ASME B31.4, 434.5, for liquid 
pipelines; or ASME B31.8, 841, for gas pipelines. 


7.2 WELDING 
7.2.1. Atmospheric Welding 


7.2.1.1 Welding and weld inspection of pipelines should be 
done in accordance with API Std 1104. The accepted welding 
procedure should be documented and retained. Welding prac- 
tices should follow these procedures during construction. 


7.2.1.2 Arc burns can cause serious stress concentrations 
and shall be prevented or eliminated. The metallurgical notch 
caused by arc burns shall be removed by grinding, provided 
the grinding does not reduce the remaining wall thickness to 
less than the minimum permitted by the material specifica- 
tions governing manufacture and use of the pipe. The metal- 
lurgical notch created by an arc burn can be completely 
removed as follows: 


a. Grind the arc burn area until no evidence of the arc burn is 
visible. Then swab the ground area with a 20% solution of 
ammonium persulfate. A black spot is evidence of the metal- 
lurgical notch and indicates that additional grinding is 
necessary. 

b. If after grinding the wall thickness is less than that permit- 
ted by the material specification, the cylindrical portion of 
pipe containing the arc burn shall be removed. Insert patching 
is prohibited. 


7.2.2 Underwater Welding 


7.2.2.1. General 


AWS D3.6-89 should be used in conjunction with this RP 
to specify fabrication and quality assurance standards for 
underwater welding. 


7.2.2.2 Underwater Welding Methods 


7.2.2.2.1_| One-Atmosphere Welding 


Welding in a pressure vessel in which the pressure is 
reduced to approximately 1 atmosphere, independent of 
depth, is permitted. 
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7.2.2.2.2 Hyperbaric Welding 
Three types of hyperbaric welding are permitted: 


a. Habitat welding—welding at ambient pressure in a large 
chamber from which water has been displaced, with an atmo- 
sphere in which the welder-diver does not need to work in 
diving equipment. 

b. Dry chamber welding—welding at ambient pressure in a 
simple, open-bottomed, dry chamber that accommodates as a 
minimum the head and shoulders of the welder-diver in full 
diving equipment. 

c. Dry spot welding—welding at ambient pressure in a small, 
transparent, gas-filled enclosure with the welder-diver outside 
the enclosure, in the water, and in full diving equipment. 


7.2.2.3 Hyperbaric Welding Requirements 
Hyperbaric welding should conform to the following: 


a. Low-hydrogen processes should be used. 
b. Preheating to a suitable temperature should be performed 
for moisture removal and hydrogen diffusion. 
c. For welding consumables, procedures should be specified 
on the following: 
1. Storage and handling on the support vessel. 
2. Storage and handling within the welding chamber. 
3. Sealing in preparation for item 4. 
4. Transfer between the support vessel and the welding 
chamber. 


7.2.2.4 Construction Welding Specification 


Prior to the start of construction welding, a detailed proce- 
dure specification should be established and qualified by test- 
ing weldments produced under actual or simulated site 
conditions in a suitable testing facility. In addition to the 
requirements of API Std 1104, 2.3, or the ASME Code, Sec- 
tion IX, QW-201, as applicable, the specification should 
include the following: 


The chamber’s internal pressure range. 

The range of water depths (ambient pressure). 

The composition range of the gas inside the chamber. 

. The humidity range. 

The range of temperature variation inside the chamber. 
The temperature range of the pipe section to be welded. 


meager 


7.2.2.5 Essential Variables 


The essential variables specified in API Std 1104, 2.4 or 
the ASME Code, Section IX, QW-415, shall be considered 
with the following: 


a. Pressure inside the chamber. 
b. Gas composition within the chamber. 
c. Humidity range. 


7.2.2.6 Qualification of Welders 


Underwater welding personnel should pass relevant weld- 
ing tests above water before being permitted to qualify for 
welding underwater. Prior to the tests, the welders should be 
given sufficient training to familiarize them with the influence 
of pressure, temperature, and atmospheric changes on weld- 
ing. AWS D3.6-89 may be used in conjunction with this RP 
to specify fabrication and quality assurance standards for 
underwater welding. 


7.3. OTHER COMPONENTS AND PROCEDURES 


7.3.1 Installation of Underwater Pipelines and 


Risers 


Installation procedures should safeguard the pipe materials, 
the pipe structure, and the pipeline in its final configuration. 
Criteria for handling pipe during installation should consider 
the installation technique, minimum pipe-bending radii, dif- 
ferential pressure, and pipe tension. Stress or strain limitations 
that have proven to be both safe and practical are acceptable. 


7.3.2 On-Bottom Protection 


7.3.2.1 Trenching 


7.3.2.1.1 Where trenching is specified during or after the 
installation of a pipeline, trenching equipment should be 
installed, operated, and removed so that pipe and coating 
damage is prevented. 


7.3.2.1.2 The standard depth of trenching for pipeline is 
the depth that will provide 0.9 m (3 ft) of elevation differen- 
tial between the top of the pipe and the average sea bottom. In 
those situations where additional protection is necessary or 
mandated, the hazards should be evaluated to determine the 
total depth of trenching. 


7.3.2.2 Cover 


7.3.2.2.1 Cover material is not normally installed over the 
pipeline except where the pipeline will not acquire a natural 
cover or where more protection is required early in the pipe- 
line’s life. 


7.3.2.2.2 In areas where backfill or riprap is specified, as in 
a surf zone, the backfill or riprap should be installed so that 
pipe and coating damage is prevented. Where pipeline-pad- 
ding material is specified, the padding materials should be 
carefully placed to prevent pipe and coating damage. 


7.3.2.3 Pipeline Crossings 


Pipeline crossings should comply with the design, notifica- 
tion, installation, inspection, and as-built records require- 
ments of the regulatory agencies and the owners or operators 
of the pipelines involved. A minimum separation of 12 in. 
should be provided. 
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7.3.2.4 Sea Bottom Protection of Valves and 
Manifolds 


7.3.2.4.1 Pipeline valves, manifolds, and other miscella- 
neous equipment and structures installed on a subsea pipeline 
should be protected from fishing trawls and anchor lines. Very 
little protection from anchors themselves can be provided. 
However, damage caused by the lateral-sliding movement of 
anchor cables—the most prevalent cause of damage to valves 
and manifolds—can be minimized. 


7.3.2.4.2 Usually the burial and covering of valves and 
manifolds is mandated by jurisdictional agencies; however, 
exceptions will sometimes be requested and permitted. In 
such cases protective measures should be provided and main- 
tained to prevent damage to the pipe and associated equip- 
ment. Such measures should be designed in a manner that 
will not obstruct trawling or other offshore operations. 


7.3.3 Fabrication of Scraper Traps, Strainers, 
Filters, and Other Components 


Whether fabricated in a shop or in the field, pipeline com- 
ponenis—including pumping and compressor piping mani- 
folds, storage fabricated from pipe, and auxiliary piping— 
should be fabricated so that they conform to the provisions of 
this Recommended Practice. 


8 Inspection and Testing 
8.1 GENERAL 


During construction, the operating company should make 
provisions for suitable inspection of the pipelines and related 
facilities by qualified inspectors to ensure compliance with the 
material, construction, welding, fabrication, testing, and 
record-keeping provisions of this RP and of written specifica- 
tions. Underwater inspection should be performed using meth- 
ods and equipment that are suitable for the particular situation. 

Qualification of inspection personnel and the type and 
extent of inspection should be in accordance with the recom- 
mendations in this RP. Repairs required during new construc- 
tion or replacement of existing systems should be in 
accordance with 7.1.5, 7.2.1, 7.2.2, and 9.2.9. Underwater 
inspection should be performed using methods and equip- 
ment that are suitable for the particular situation. Special 
emphasis on inspection may be nccded for areas of unstable 
soils, trenched sections, pipeline crossings, side taps, 
mechanical connections, J-tube entries, and pipeline riser 
connections to platforms. 


8.1.1. Inspectors 
8.1.1.1 Qualifications 


Inspection personnel should be qualified by experience or 
training in the phase of construction they are to inspect. 


Inspection will be needed for pipeline routing, pipe condition, 
lineup, welding, coating, tie-in, pipe laying, trenching, and 
pressure testing. 


8.1.1.2 Authority 


The operating company should provide suitable inspection. 
The inspector should have the authority to order the repair or 
removal and replacement of any component that fails to meet 
the standards of the applicable design code or specification. 


8.1.2 Inspection Requirements 
8.1.2.1 Inspection of Materials 


8.1.2.1.1 Pipe should be cleaned sufficiently to permit 
proper inspection and to locate any defects that could impair 
its strength or serviceability. Prior to coating, pipe should be 
inspected for internal and external defects, including bends, 
buckles, ovality, and surface defects such as cracks, grooves, 
pits, gouges, dents, and arc burns. Where pipes of different 
grades or wall thickness are used, particular care should be 
taken to maintain proper identification during handling and 
installation. 


8.1.2.1.2 All pipeline components should be inspected for 
evidence of mechanical damage. 


8.1.2.1.3 Pipe coating should be inspected in accordance 
with 10,2 and with ASME B31.4, for liquid pipelines; or 
ASME B31.8, for gas pipelines, except that externally coated 
pipe should be inspected prior to weight coating application. 


8.1.2.1.4 Coating equipment should also be inspected to 
avoid harmful gouges or grooves in the pipe surface. The pipe 
coatings should be inspected for compliance with weight, 
dimension, and material specifications. 


8.1.2.2 inspection During and After Installation 


8.1.2.2.1 Records should be maintained documenting the 
installation location of pipe by specification, grade, and wall 
thickness, manufacturing process, manufacturer, coating, 
anode location, and anode size. Pipe should be swabbed to 
provide a clean inside surface and examined for defects, dam- 
age-free bevels, and proper joint alignment. Pipe should be 
visually inspected just before the coating operation. Pipe coat- 
ing, including field joint coatings, should be inspected. For 
proper application and freedom from defects, pipe beneath 
areas of damaged coating should be inspected prior to repair 
of the coating. Damaged or defective coating, pipe, and piping 
components should be repaired or replaced and inspected in 
accordance with sections 7 and 10 prior to laying. 


8.1.2.2.2 All phases of the pipeline installation proce- 
dure identified in section 7 should be monitored to maintain 
the installation operation within acceptable limits. Compo- 
nents that require supplemental inspection for suspected 
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installation damage should be examined before the pipeline 
system is placed in operation. Field welds, shop welds, and 
weld radiography should be inspected for compliance with 
the procedures provided in 7.1, as applicable. All girth 
welds should be visually inspected. If practical, 100% of 
the girth welds on the offshore pipeline should be inspected 
by radiographic, ultrasonic inspection, or other nondestruc- 
tive methods prior to coating the weld area, but in no case 
should fewer than 90% of those welds be inspected in that 
way. The inspection shall cover 100% of the length of those 
inspected welds. 


8.1.2.2.3 Where practical, the condition of the pipe on the 
sea bottom should be inspected to verify its proper installa- 
tion. When installed for the control of scouring, pipeline 
cover should be inspected where practical for the correct 
placement of material. Underwater inspection methods and 
equipment that are suitable for these tasks may include—but 
are not limited to—saturation diving, use of divers in atmo- 
spheric diving suits, remotely operated vehicles, submarines, 
sonar inspections, seismic inspections, and combinations of 
these methods and equipment. 


8.1.2.2.4 Certified as-built surveys and drawings should 
be prepared during or after construction using acceptable 
methods of determining actual pipeline coordinates. As- 
built records and maps should cross reference preconstruc- 
tion route survey data and should include such items as haz- 
ards, spans, trenching, soil, anomalies, pipeline crossings, 
existing and new facilities or appurtenances, pipe and coat- 
ing properties. 


8.1.3. Records 


8.1.3.1 Construction reports should include inspection 
records of all material, including pipe, valves, and fabrica- 
tions, for physical damage. Construction reports should also 
include inspection records of damaged external coating and 
of coating repair of the damaged areas. 


8.1.3.2 Records should include welder qualifications and 
qualified welding procedures. At a minimum, records of the 
welds required in ASME B31.4 for liquid pipelines and in 
ASME B31.8 should be made and retained. The nondestruc- 
tive inspection records should include qualification of the 
inspectors and qualified inspection procedures. These records 
should show the results of each test and the disposition of all 
rejected welds. 


8.2 TESTING 
8.2.1 General 


8.2.1.1 This RP in conjunction with API RP 1110 may be 
used for guidance on pressure testing. Pressure tests should 
be performed on completed systems and on all components 
not tested with the pipeline system or if the component 
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requires a higher test pressure than the remainder of the pipe- 
line. If leaks occur during tests, the leaking pipeline section or 
component should be (a) repaired or replaced, and (b) re- 
tested in accordance with this RP. 


8.2.1.2 Temporary repairs necessary to permit completion 
of tests are permissible, provided that the defective compo- 
nents are replaced after testing with suitable, pretested com- 
ponents and that the tie-in welds are nondestructively 
inspected in accordance with API Std 1104. 


8.2.1.3. When this RP refers to tests or portions of tests 
described in other codes or specifications, they should be con- 
sidered as parts of this RP. 


8.2.2 Testing of Short Sections of Pipe and 
Fabrications 


Short sections of pipe and fabrications such as risers, 
scraper traps, and manifolds may be tested separately from 
the pipeline. Where separate tests are used, these components 
should be tested to pressures equal to or greater than those 
used to test the pipeline system and should be tested in com- 
pliance with the requirements of 4.2.2.1 and the design fac- 
tors in 4.3.1. 


8.2.3 Testing After New Construction 
8.2.3.1 Testing of Systems or Parts of Systems 


8.2.3.1.1 Pipeline systems designed according to this RP 
should be pressure tested after construction in accordance 
with 8.2.4, except that fabricated items and components may 
be tested separately in accordance with 8.2.2 or pretested in 
accordance with 8.2.4. Hydrostatics, both internal and exter- 
nal, should be fully taken into account in setting test pressure 
levels. This is especially important for deep-water pipelines 
that terminate with a pipeline riser. 


8.2.3.1.2 During the testing of pipelines, care should be 
exercised to ensure that excessive pressure is not applied to 
valves, fittings, and other components. Test procedures 
should also specifically address the valve position and any 
differential pressure across the valve seat. 


8.2.3.1.3. The pipeline should be inspected after construc- 
tion for dents and out-of-roundness, and an assessment of any 
significant imperfections should be made to determine 
acceptability. 


8.2.3.2 Testing of Tie-Ins 


Because it is sometimes necessary to divide a pipeline into 
test sections and install weld caps, connecting piping, and 
other test appurtenances, it is not always feasible to pressure 
test all tie-in welds. Tie-in welds that have not been subjected 
to a pressure test should be radiographically inspected, in 
accordance with 7.2. After weld inspection, the field joint 
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should be coated and inspected in accordance with 8.1.2 and 
section 10. If the system is not pressure tested after tie-in, 
additional pipe required for the tie-in should be pretested in 
accordance with this RP. Mechanical coupling devices used. 
for tie-in should be installed and tested in accordance with the 
manufacturer’s recommendations. 


8.2.4 Pressure Testing 
8.2.4.1 Test-Pressure Levels 


Except for fabricated items and components covered in 
8.2.2, all parts of an offshore pipeline designed according to 
this RP should be subjected to an after-construction strength 
test of not less than 125% of the pipeline maximum operating 
pressure (see 4.2.2). Flowlines and flowline risers should be 
subjected to hydrotest of 125% of the MOP; or 111% of shut- 
in pressure as defined in 4.1.2.1; whichever is greater. 
Hydrotest should not result in combined loads exceeding 
96% of capacity as described in 4.3.1.2 


8.2.4.2 Test-Medium Considerations 


8.2.4.2.1 Pressure tests should be conducted using fresh 
water or seawater as the test medium. If use of water is 
impractical, however, a test may be conducted with air or gas, 
provided a failure or rupture would not endanger personnel. 
Where water is the test medium, consideration should be 
given to adding corrosion inhibitor and biocide additives to 
the test water, particularly if the water is to remain in the pipe- 
line for an extended period of time. 


CAUTION: Precautions should be taken to prevent the 
development of an explosive mixture of air and hydro- 
carbons. 


8.2.4,2.2 Where water is the test medium and where on- 
bottom stability of the pipeline is partially dependent on the 
liquid hydrocarbon to be transported, consideration should be 
given to leaving the test water in the pipeline until it is ready 
to be placed in service. Also, if applicable, all parts of the sys- 
tem that are to be exposed to freezing temperatures should be 
drained following hydrotest. Pipelines constructed for gas 
service should be purged in accordance with ASME B31.8, 
841.275. In some cases, the pipeline may need to be cleaned 
and dried prior to being placed in service. 


8.2.4.2.3 If the testing medium in the system will be sub- 
ject to thermal expansion during the test, provision should be 
made for the relief of excess pressure. Effects of temperature 
changes should be taken into account when interpretations 
are made of recorded test pressures. 


8.2.4.2.4 Discharge permits may be required for disposal 
of the test medium. 


8.2.4.3 Duration of Hydrostatic Tests 


Piping systems are to be maintained continuously at maxi- 
mum test pressure for a minimum of 8 hours. For fabrications 
and short sections of pipe where all pressured components are 
visually inspected during proof-test to determine that there is 
no leakage, the maximum test pressure should be maintained 
continuously for a minimum of 4 hours. 


8.2.4.4 Safety During Tests 


Testing procedures for pipeline systems after construction 
should include precautions for the safety of personnel during 
the test. 


8.2.5 Records 


The operating company should maintain records of the 
testing of each pipeline system. The records shall include an 
accurate description, drawing, or sketch of the facility being 
tested. The records should also include the pressure gauge 
readings, the recording gauge charts, the dead weight pres- 
sure data, and the reasons for and disposition of any failures 
during a test. Where the elevation differences in the section 
being tested exceed 30 m (100 ft), a profile of the pipeline 
that shows the elevation and test sites over the entire length of 
the test section should be included. Records of pressure tests 
should contain the operator’s name, the name of the test con- 
tractor, the date, the time, the duration of the test, the mini- 
mum test pressure, the test medium and its temperature, the 
weather conditions, a description of the facility tested, and an 
explanation of any pressure discontinuities. 


9 Operation and Maintenance 
9.1 SYSTEM GUIDELINES 
9.1.1 General 


9.1.1.1 Each operating company should develop operation, 
inspection, and maintenance procedures based on the provi- 
sions of this RP, the company’s experience and knowledge of 
its facilities, and the conditions under which its facilities are 
operated. Alternatives to the methods and procedures in this 
RP may be justified based on local conditions such as the 
temperature, the characteristics of the fluids transported, the 
water depth, the line cover, and the sea-bottom conditions. 


9.1.1.2 Standardization of plans and procedures is encour- 
aged to the extent that it is practicable. Plans and procedures 
may cover a group of pipeline systems or a single pipeline, as 
appropriate. Plans and procedures should be reviewed at least 
once a ycar; and modifications should be made from time to 
time as experience dictates and as changes in operating condi- 
tions require. 
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9.1.2 Plans and Procedures 


Each company operating an offshore hydrocarbon pipeline 
should develop and maintain the following plans and proce- 
dures for instruction of employees: 


a. Procedures for normal pipeline operation, inspection, 
maintenance, and repairs, including recommendations in 9.2. 
b. Procedures for the monitoring and mitigation of external 
and internal corrosion of pipeline facilities, including prac- 
tices in section 10. 

c. A plan to identify and review changes in conditions affect- 
ing the safety of the pipeline system. 

d. An emergency plan—for implementation in the event of 
accidents, system failures, or other emergencies—which 
includes features in 9.3. 

e. Procedures for abandoning pipeline systems that include 
provisions of 9.7. 


9.2 PIPELINE OPERATIONS 
9.2.1 General 


Written procedures for start-up, operation, and shutdown 
of pipeline facilities should be established, and the operating 
company should take appropriate steps to ensure these proce- 
dures are followed. Procedures should outline preventive 
measures and system checks to ensure the proper functioning 
of protective and shutdown devices and of safety, control, and 
alarm equipment. 


9.2.2 Line Pressure 


Pipeline systems should be operated to ensure the operat- 
ing pressures set forth in this recommended practice are not 
exceeded. Primary overpressure protection devices which 
shut-in the production facilities (wells, pumps, compressors, 
etc.) should be set above the normal operating pressure range 
but in no case shall it exceed the MOP of the pipeline. Sec- 
ondary overpressure protection may be set above MOP but 
shall not exceed 90% of hydrotest pressure. Such primary and 
secondary protection will protect the pipeline and allow for 
the orderly shut-in of the production facilities in case of an 
emergency or abnormal operating conditions. In some cases, 
other overpressure protection device settings for subsea well 
flowlines may be allowed since the well(s) will be shut-in in 
case of an emergency at the host facility by the emergency 
shutdown system. 


9.2.3. Communications 


Communications equipment should be installed and main- 
tained as needed for proper pipeline operations under both 
normal and emergency conditions. 


9.2.4 Markers 


Permanent markers are not required for offshore pipelines. 


9.2.5 Signs 


Suitable signs should be posted on platforms to serve as 
hazard area warnings. Where appropriate, signs should dis- 
play the operating company identification and emergency 
communication procedures. 


9.2.6 Surveillance 


Pipeline operators should maintain a pipeline surveillance 
program to observe indications of leaks, encroachments, and 
conditions along the pipeline route affecting the pipeline’s 
safe operation. Conditions should be reviewed in accordance 
with the plan established in 9.1.2, item c. 


9.2.7 Safety Equipment 


Pressure-limiting devices, relief valves, automatic shut- 
down valves, and other safety devices should be tested at 
specified intervals dictated by field experience, operators pol- 
icy, and government regulations. Inspections should verify 
that each device is in good mechanical condition and properly 
performs the safety function for which it was installed. 


9.2.8 Risers 


Risers should be visually inspected annually for physical 
damage and corrosion in the splash zone and above. If damage 
is observed, the extent of the damage should be determined 
and the riser should be repaired or replaced, if necessary. 


9.2.9 Repairs 
9.2.9.1 General 


9.2.9.1.1. Repairs should be performed under qualified 
supervision by trained personnel aware of and familiar with 
the maintenance plan and operating conditions of the pipe- 
line; the company’s safety requirements; and the hazards to 
the public, employees, and the environment. 


9.2.9.1.2 Special care and consideration should be given to 
limit the release of hydrocarbons into the environment during 
a repair operation. Pollution avoidance operations may 
include placing suitably designed external caps or internal 
plugs on the damaged pipe ends, elevating the pipe adjacent 
to the pipe location, and releasing of pressure and/or removal 
of liquids at one or both ends of the pipeline. 


9.2.9.1.3 Evacuation and repair operations should not 
result in imposed loads or deformations that would impair the 
serviceability of the pipe materials, weight coating, or protec- 
tive coating. The configuration of the pipeline after the repair 
should meet the provisions of this Recommended Practice. 
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9.2.9.1.4 The use of subsea equipment equipped with cut- 
ters, jets, or air suction systems should be carefully controlled 
and monitored to avoid damaging the pipeline, the external 
coating, and the cathodic protection system. 


9.2.9.1.5 When pipe is lifted or supported during repair, 
the curvature of a pipe sag bend and overbend should be con- 
trolled and maintained so that its stress level does not exceed 
the limits outlined in 4.3.2. The lifting equipment should be 
selected to prevent pipe coating damage, overstressing, dent- 
ing, and buckling during the repair. 


9.2.9.1.6 Wave and current loads should be considered in 
determining total imposed stresses and cyclical loads in both 
surface and subsurface repairs. 


9.2.9.1.7 Repair procedures may include appropriate con- 
siderations set forth in API Pub 2200, API RP 2201, and API 
RP 1107. Personnel working on pipeline repairs should 
understand the need for careful job planning, and the need to 
follow necessary precautionary measures and procedures; 
and should be briefed on procedures to be followed in accom- 
plishing repairs. 


9.2.9.2 Welder and Welding Procedure 
Qualifications 


Welders performing repair work should be qualified in 
accordance with API Std 1104, API RP 1107, or the ASME 
Code, Section IX, as appropriate. Repair welding should be 
performed in accordance with qualified welding and test pro- 
cedures documented in accordance with 7.2. 


9.2.9.3 Repair Methods 


All repairs shall meet the requirements of ASME B31.4, 
Chapter VII, for liquid pipelines or ASME B31.8, A851 for 
gas pipelines, as applicable. For offshore pipeline repair tech- 
niques may include, but are not limited to: 


a. Leak repair clamp for minor damage. 

b. Recovery and replacement of a portion of the line. 

¢. Total on-bottom repair including mechanical connections. 
d. Surface lift and bottom connect repair including mechani- 
cal connections. 

e. Surface lifts, surface connect, and lateral layover. 


9.2.9.4 Field Repair of Gouges, Grooves, and 
Dents 


9.2.9.4.1 Gouges, grooves, and dents affecting the integ- 
nity of the pipeline should be repaired promptly with the pipe- 
line pressure at a safe level, When prompt repair is 
impractical, safe pipeline operating pressures should be main- 
tained until a repair is made. Injurious gouges, grooves, and 
dents are those exceeding the limits of ASME B31.4, Chapter 
VU, for liquid pipelines; or ASME B31.8, Chapter V, for gas 
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pipelines. These injurious features should be removed, where 
practical, by taking the pipeline out of service, cutting out a 
cylindrical piece of pipe, and replacing it with a length of pre- 
tested pipe of equal or greater design pressure, tested in 
accordance with 8.2. 


9.2.9.4.2 Where it is not practical to take the pipeline out 
of service or to continue operation at a safe pressure, a full- 
encirclement welded split sleeve or a mechanically secured 
fitting of appropriate design should be applied over injurious 
gouges, grooves, and dents. 


9.2.9.4.3 If a sleeve must be welded to the carrier pipe, 
special consideration should be given to the welding proce- 
dure, weld inspection, and support to prevent problems asso- 
ciated with hydrogen-induced cracking. 


9.2.9.5 Field Repair of Weld Defects 


9.2.9.5.1  Injurious weld defects should be repaired in 
accordance with 7.2.1.6, provided the pipeline can be taken 
out of service. In-service weld repairs may be made provided 
the weld is not leaking; the pressure in the pipeline is reduced 
to a level that will limit the hoop stress to not more than 20% 
of the SMYS of the pipe; grinding of the defective weld area is 
limited to maintain at least 50% of nominal wall thickness; 
and the completed repair is tested in accordance with 8.2.4. 


9.2.9.5.2 Where injurious weld defects cannot be repaired 
and where removal of the defect from the pipeline by replace- 
ment is not practical, the defect may be repaired by the instal- 
lation of a full-encirclement welded split sleeve or a 
mechanically secured fitting of appropriate design. 


9.2.9.6 Field Repair of Leaks 


9.2.9.6.1 Where practical, the pipeline should be taken out 
of service and repaired by cutting out a cylindrical piece of 
pipe and replacing it with pretested pipe of equal or greater 
design pressure. 


9.2.9.6.2 Repairs should be made by installing a full-encir- 
clement welded split sleeve or a mechanical fitting of appro- 
priate design where it is impractical to remove a cylindrical 
piece of pipe. 


9.2.9.7 Field Repair of Corrosion Pitting 


If corrosion has reduced the wall thickness of the pipe to 
less than that required by the MOP, the pipe should be 
repaired or replaced. The MOP, based on remaining pipe 
wall, should be determined by the criteria in ASME B31G. 


9.2.9.8 Reduction in Operating Pressure 


For pipe with corrosion pits that exceed the size limitations 
of ASME B31G and for pipe with areas where the wall thick- 
ness has been reduced for any reason, operating pressure 
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should be reduced to less than that allowed by remaining wall 
thickness at that point until repairs can be made. When leaks 
are repaired with a device that has a lower MOP than the 
pipeline system, the MOP of the system should be reduced to 
the MOP of the device. 


9.2.9.9 Testing of Replacement Pipe Sections 


When a repair to a pipeline is made by cutting out a section 
of the pipe as a cylinder and replacing it with another section 
of pipe, the replacement section of the pipe shall be pressure- 
tested in accordance with 8.2. The test may be made on the 
replacement section prior to installation, provided that all tie- 
in welds are inspected by nondestructive means in accordance 
with API Std 1104. 


9.2.9.10 Testing of Repaired Gouges, Grooves, 
Dents, Welds, and Pits 


If gouges, grooves, dents, welds, and pits are repaired by 
welding in accordance with the provisions of 9.2.9.2, the 
welding shall be inspected by radiographic or other accepted 
nondestructive methods or inspected visually by a qualified 
inspector. 


9.2.10 Investigation of Failures and Abnormal 
Occurrences 


9.2.10.1 Accidents, abnormal occurrences, and significant 
material failures should be investigated to determine their 
causes. Failed material should be recovered for investigation 
where feasible. Evidence, records, and documents relating to 
the occurrence should be retained until the investigation is 
closed and a probable cause has been determined. Appropri- 
ate steps should be taken to prevent recurrence of accidents or 
significant material failures. 


9.2.10.2 Pipeline failures and incidents that cause damage 
to the pipeline, surrounding structures, or environment should 
be reported to appropriate regulatory agencies and to opera- 
tors of other facilities involved. 


9.3 EMERGENCY PLAN 
9.3.1 General 


A written emergency plan should be established for imple- 
mentation in the event of system failure, accident, or other 
emergency and should include procedures for prompt and 
expedient remedial action ensuring the following: 


The safety of personnel. 

Minimization of property damage. 

Protection of the environment. 

Limitation of discharge from the pipeline system. 
Investigation of failures. 
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9.3.2 Training 


The plan should provide for training of personnel responsi- 
ble for the execution of emergency action. Personnel should 
be informed of the characteristics of the hydrocarbons in the 
pipeline, the safe practices for handling accidental discharge, 
and the procedures for the repair of the pipeline or related 
facility. The plan should provide for training and mock emer- 
gencies for operating personnel who might become involved 
in an emergency. Special emphasis should be given to the 
procedure for the evacuation of platforms in an emergency. 


9.3.3. Communications 


Procedures in the plan should include communication with 
appropriate government agencies and the notification of par- 
ties that should be involved in the emergency action, includ- 
ing other pipeline and platform operators. 


9.3.4 Plan Provisions 


The plan should include procedures to be implemented in 
case of a pipeline failure or leak and should establish mea- 
sures to control pollution that might result from a liquid pipe- 
line failure. 


9.4 RECORDS 


The following records should be maintained for operation 
and maintenance purposes: 


Material and construction specifications. 

Route maps and alignment sheets. 

Coating and cathodic protection specifications. 

. Pressure test data. 

Nondestructive inspection data. 

Necessary operational data. 

. Pipeline surveillance records. 

. Corrosion mitigation records recommended in 10.6. 

i. Records of repairs of welds, grooves, gouges, dents, and 
pits. 

j. Leak and break records and failure investigation records. 
k. Records of safety equipment inspection. 

1. Records of other inspections including such information 
as external or internal pipe conditions when a line is cut or hot 
tapped. 
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9.5 QUALIFICATION OF THE PIPELINE SYSTEM 
FOR HIGHER OPERATING PRESSURE 


Existing pipeline systems may be qualified for higher oper- 
ating pressures according to procedures set forth in ASME 
B31.4, Chapter VIL, for liquid pipelines; or ASME B31.8, 
A845 for gas pipelines, subject to the provisions of this Rec- 
ommended Practice. 


COPYRIGHT 2000 American Petroleum Institute 


; Informati H li i 
April 03, 2000 07:55:13 aOR ene ag ee eer et 


STD-API/PETRO RP JLLL-ENGL 1999 Mi 07322590 0617043 O47 ws 


DESIGN, CONSTRUCTION, OPERATION, AND MAINTENANCE OF OFFSHORE HYDROCARBON PIPELINES (LIMIT STATE DESIGN) 23 


9.6 CHANGE IN PIPELINE USE 


A change in the product transported in the pipeline or a 
change in the direction of flow should not be made until the 
operator has made all technical modifications necessary to 
accommodate the change and has determined that the pipe- 
line will be capable of handling the change without adverse 
safety or environmental effects. 


9.7 PIPELINE ABANDONMENT 


Pipelines to be abandoned in place should undergo the fol- 
lowing steps: 


a. The pipeline should be disconnected and isolated from all 
sources of hydrocarbons, such as other pipelines, meter sta- 
tions, control lines, and other appurtenances. 

b. The pipeline should be purged of hydrocarbons. 

c. The pipeline should be filled with water, nitrogen, or 
another inert material. 

d. The pipeline ends should be sealed and provided with 
appropriate cover to prevent obstruction at the mud line. 


Note: If water is used, inhibitors to prevent internal corrosion should 
be considered. 


10 Corrosion Control 
10.1 GENERAL 


This section recommends guidelines for the establishment 
of corrosion mitigation procedures for offshore hydrocarbon 
pipelines. For liquid and gas pipelines, the following publica- 
tions are incorporated by reference for the detection and miti- 
gation of external and internal corrosion: 


a. ASME B31.4, Chapter VII, for liquid pipelines. 

b. ASME B31.8, Chapter VIII, for gas pipelines. 

c. NACE RP0675. 

d. NACE RPO175 (document has been withdrawn by NACE 
and apparently there are no plans to up-date or replace it at 
this time). 


10.2 EXTERNAL COATINGS 
10.2.1 Submerged 


10.2.1.1. An external coating that is effective in the envi- 
ronment to which it is exposed should protect submerged 
steel pipelines. The design of external coating systems should 
include, but not be limited to, consideration of the following: 


a. Loading characteristics. 

b. Resistance to under-film water migration. 

c. Electrical resistance and degradation of resistance in 
service. 

d. Capability to withstand storage conditions. 

e. Resistance to disbonding, cold flow, embrittlement, and 
cracking. 

f. Capability to withstand installation stresses. 


10.2.1.2 The welds and the pipe surface should be 
inspected for irregularities that could protrude through the 
pipe coating, and these irregularities should be removed. 


10.2.1.3 Pipe coating should be inspected both visually 
and by a holiday detector set at the proper voltage before the 
pipe is lowered into the water or a weight coat (if used) is 
applied. Any holiday or other damage to the coating should 
be repaired and reinspected. Following inspection, pipe 
should be handled and lowered into the water so that damage 
to the coating is prevented. 


10.2.2 Splash Zone 


Exposed risers in the splash zone should be protected with 
an external splash zone coating that resists the effects of cor- 
rosion, sunlight, wave action, and mechanical damage. Heavy 
ice formations may indicate the need for other protective 
measures. 


10.2.3. Atmospheric Zone 


Valves and fittings exposed to the atmosphere should be 
protected with a suitable coating and should be visually 
inspected for corrosion at regular intervals. 


10.3. CATHODIC PROTECTION 


Design and installation of cathodic protection systems 
should be in accordance with NACE RP0675, Cathodic pro- 
tection may be provided by a galvanic anode system, an 
impressed current system, or both, capable of delivering suffi- 
cient current to adequately protect the pipeline. In the design 
and installation of cathodic protection systems, the following 
should be considered: 


a. A galvanic anode system should use only alloys that have 
been successfully tested for offshore applications. 

b. A galvanic anode system may be designed for the life of 
the pipeline or for periodic replacement. 

c. The components of a cathodic protection system should be 
located and installed to minimize the possibility of damage. 
d. Design consideration should be given to minimizing inter- 
ference of electrical currents from nearby pipelines or 
structures. 

e. The design should take into account the water depth, the 
water temperature, pipe operating temperature, and the possi- 
bility of an increase in current requirements after installation. 
f. Insulating joints should be installed in the pipeline system 
where electrical isolation of portions of the system is neces- 
sary for proper cathodic protection. 


Note: Insulating joints are most effective when they are installed 
above the splash zone in readily accessible locations and the electri- 
cal isolation is verified at intervals not to exceed 15 months, but at 
least once per year. 
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g. Rectifiers or other impressed current sources should be 
inspected six times each year at intervals not exceeding 2.5 
months in length. 


10.4 INTERNAL CORROSION CONTROL 


10.4.1 NACE RPO175 should be followed for the design, 
the installation, and the evaluation of the results of an internal 
corrosion mitigation program. Where necessary, internal cor- 
rosion may be mitigated by one or more of the following: 
The running of pipeline scrapers at regular intervals. 
Dehydration. 

The use of corrosion inhibitors. 

. The use of bactericides. 

The use of oxygen scavengers. 


The use of internal coating. 


we me ange 


. The use of corrosion-resistant alloys. 
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10.4.2 The variables and severity of each case will deter- 
mine the preventive methods that should be used. A monitor- 
ing program should be established to evaluate the 
corrosiveness of the transported liquid or gas and the results 
of the internal corrosion mitigation systems or programs. 
Appropriate corrective measures should be taken when the 
results of monitoring indicate that protection against internal 
corrosion is required. 


10.5 MAINTENANCE OF CATHODIC PROTECTION 
SYSTEMS 
The cathodic protection system should be maintained in 
accordance with NACE RP0675. 
10.6 RECORDS 


Records including design, installation, and operational data 
of the corrosion control system should be maintained as out- 
lined in NACE RP0175 and NACE RP0675. 
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APPENDIX A—PROCEDURE FOR DETERMINING BURST DESIGN 
CRITERIA FOR OTHER MATERIALS 


A.1 General 


A.1.1_ The limit state design procedure in this RP is based 
on use of ductile materials. The pipe is assumed to be suffi- 
ciently ductile and have sufficient fracture toughness to have 
ductile failure modes in. burst, tension, bending, collapse, and 
combined loading. Qualification of materials other than car- 
bon steels, which have been demonstrated to have these prop- 
erties, shall be tested in accordance with the qualification 
requirements in ASME B31.8, A811 and the procedure in this 
appendix. 


A.1.2 The procedure described in this appendix is intended 
for qualification for use of the limit state design procedure for 
a specific application. This procedure recommends a mini- 
mum of six burst tests be conducted. More testing will be 
required to qualify a class of pipe materials for limit state 
design, which would permit, e.g., ranges of D/t, S, and U to 
be used. This broader qualification should be part of a petition 
to the ASME Section Committee (see ASME B31.8 
811.222). 


A.2. Test Sample Selection 


Pipe representative of that proposed for use shall be burst 
tested. The pipe selected for testing shall have the same pipe 
manufacturing process and grade and shall have dimensions 
similar to the dimensions for the given application. 


A.3 Test Sample Description and 
Properties 


A.3.1 The mechanical properties of pipe joints from which 
samples are to be made shall be determined. It is recom- 
mended that at least one tensile test from each end of each 
pipe jomt be performed. The yield stress, the ultimate stress, 
and the elongation shall be recorded for each test. The tensile 
specimen must be taken from the same pipe joint as the burst 
specimen. The yield stress and the ultimate stress for the pipe 
joint are defined as the average yield stress and the average 
ultimate stress from the tensile tests. Mechanical property 
tests for determining burst design criteria shall be conducted 
in a manner consistent with mechanical property tests per- 
formed during manufacturing. 


A.3.2 The burst test sample shall have a length greater than 
six pipe diameters, not including end closures. Welded or 
mechanical end caps with pressure ports shall be used. The 
length of the sample shall be recorded. 


A.3.3 The wall thickness of the test sample shall be mea- 
sured using an ultrasonic measuring device. The measure- 
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ments shall be taken around the circumference at mid-length 
and at quarter points of the sample, recording the minimum 
and four values of thickness at 90-degree intervals around the 
pipe at each cross section. 


A.4 Test Procedure 


A.4.1 Each sample shall be pressured until burst failure 
occurs. The test fluid may be either water or gas. The test 
should be conducted in a covered pit or pressure vessel to 
ensure safety of testing personnel. 


A.4.2_ Reference pressures for each sample shall be deter- 
mined. The two values used for control of the test procedure 


are: 
y : 
CEYP = (|=) (A-1) 
3 Ao NY t 
2Y, D\Y. bmi 
CEBP = actual (5 see! | ‘ate -2 
aaa in pJos Nt (A-2) 
where 
CEYP = capped end yield pressure in N/mm (psi), 
CEBP = capped end burst pressure in N/mm? (psi), 
bin = T2inimum measured wall thickness, in mm (in.), 
Yoctual = average measured yield strength of pipe, inN/mm? 


(psi). 


A.4.3 The capped end burst pressure is close to, but usually 
less than, the actual burst pressure. The sample shall be pres- 
sured slowly to ensure an accurate determination of the burst 
pressure. 


A.4.4 The recommended steps are as follows: 


a. Increase pressure to CEYP and hold to ensure stable defor- 
mation. A representative hold time is 15 min. 

b. Increase the pressure from CEYP to CEBP slowly or in 
steps to ensure stable measurements. The recommended max- 
imum step size for pressure increase is the minimum of 1000 
psi or (CEBP ~ CEYP)/4. The recommended minimum 
elapsed time for this step is 20 min. 

c. The pressure shall be held at CEBP (if the sample has not 
burst) to ensure a stable pressure, e.g., 15 min. 

d. Increase the pressure very slowly beyond CEBP until the 
sample bursts. 
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A.4.5 The actual burst pressure, (Pacryaj), is the maximum 
pressure recorded in the test. It should be noted that the pres- 
sure might drop just prior to burst due to sample deformation. 


A.4.6 Following each burst test, the failure surfaces shall 
be examined to verify that the failure mode is ductile. A duc- 
tile burst failure has a distinct bulge at the burst location. A 
longitudinal fracture extends over the length of the bulge and 
terminates near the end of the bulge. The end of fracture turns 
at roughly 45 degrees from the pipe axis at each end. The fail- 
ure surfaces have sharp edges and the surface has a similar 
appearance to the “cup and cone” surface observed in a ten- 
sile test. A typical ductile burst failure is illustrated in the Fig- 
ure A-1. A typical brittle burst failure is illustrated in Figure 
A-2. 


A.4.7 If the failure mode is not typical of a ductile burst, 
then the pipe is not suitable for use with the limit state design 
procedure in this RP. 


A.4.8 For each test, calculate the ratio: 


k 23 Pactual (A-3) 


D lnin 
( Yoctual + Usemai) In fill ) 


where 


k = computed burst factor, 
Pactual = Actual measured burst pressure, in psi (N/mm), 


Uactual = average measured ultimate tensile strength of 
pipe, in N/mm? (psi). 


A.5 Determination of Specified Minimum 
Burst Pressure 


A.5.1 The specified minimum burst pressure may be writ- 
ten in the form: 


P, = k(S+U) nS) (A-4) 


E 


The value of & is determined from the burst test data as: 


0.875 keverage 
k = mins 0.9k 
0.45 


min 


The specified minimum burst pressure so calculated shall 
be used for design. 


Note: The burst test is very repeatable. Therefore, very few samples 
are required to characterize the burst pressure. [t is expected that the 
computed k values will all significantly exceed 0.45 based on exten- 
sive comparison with burst test data. The limitations based on the 
average k and on the minimum & are intended to account for materi- 
als whose strengths are not well represented by the mechanical tests. 
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Figure A-1—Ductile Burst Sample 


Figure A-2—Brittle Burst Sample 
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APPENDIX B—QUALIFICATION OF INCREASED 
MINIMUM BURST PRESSURE 


B.1 


B.1.1 Equations 2a and 2b are suitable for estimation of the 
minimum burst pressure for pipe listed in 5.1.2. The coeffi- 
cients in Equations 2a and 2b [see 4.3.1] (0.45 and 0.90, 
respectively) include considerations of specification require- 
ments, such as minimum wall thickness and mechanical test- 
ing frequency. Improved control of mechanical properties and 
dimensions can produce pipe with improved burst perfor- 
mance. The requirements in this appendix are intended to per- 
mit users to take advantage of improved manufacturing 
control, to increase the specified minimum burst pressure. 


General 


B.1.2 The recommended maximum value of the specified 
minimum burst pressure is: 


P, (B-1) 


0.50(5 + U) in?) or, 


(B-2) 


tt 


P, = 1.00(S+ v5) 


B.1.3 The coefficients in Equations 2a and 2b may be 
increased from 0.45 and 0.90 up to maximum values of 0.50 
and 1.00, respectively. 


B.1.4 To justify the increased burst pressure, supplemen- 
tary specifications shall be included in the material specifica- 
tion. The recommended supplements are: 


a. Specified minimum burst pressure, up to the maximum 
defined in Equation B-1 or Equation B-2. 

b. Full-length helical ultrasonic inspection of each length, 
including ultrasonic wall thickness measurement with a mini- 
mum area coverage of 10%. 

c. Specified minimum wall thickness greater than or equal to 
90% of nominal. 

d. Mechanical properties, including yield strength and ulti- 
mate strength, to be tested for compliance using ANSI//ASQC 
Z1.9-1993,2 with an acceptable quality level = 0.10%. 

e. Burst testing as prescribed herein. 


B.2 Burst Testing Requirements 


B.2.1 Burst tests are conducted to ensure that compliance 
with strength and dimensional properties provides adequate 
evidence that the specified minimum burst pressure is also 
met. Burst tests shall be conducted for at least one lot, 
selected at random, and for each lot for which Tightened 
Inspection applies. Compliance shall be tested in accordance 
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with ANSVASQC Z1.9-1993 with an acceptable quality level 
= 0.10%. If, for the randomly selected lot(s), the mechanical 
property tests fail to meet the acceptability criterion, then the 
lot is rejected and an additional lot is selected at random for 
burst and mechanical property testing. If the burst pressure 
fails to meet the acceptability criterion and the mechanical 
property tests meet the acceptability criterion, then the lot is 
rejected and burst testing is required for all lots. 


B.2.2 Each lot shall, as far as practicable, consist of units of 
pipe (pipe joints) of a single heat, heat treatment batch, grade, 
diameter, and wall thickness, manufactured under the same 
conditions and essentially at the same time. 


B.3 Test Sample Selection 


A burst test sample shall be taken adjacent to each coupon 
taken for mechanical property tests. 


B.4 Test Sample Description and 
Properties 


B.4.1 The yield strength and the ultimate strength of the 
burst sample are the values to be obtained from the corre- 
sponding mechanical property test. 


B.4.2 The burst test sample shall have a length greater than 
six pipe diameters, not including end closures. Welded or 
mechanical end caps with pressure ports shall be used. The 
length of the sample shall be recorded. 


B.4.3 The wall thickness of the test sample shall be mea- 
sured using an ultrasonic measuring device. The measure- 
ments shall be taken around the circumference at mid-length 
and at quarter points of the sample, recording the minimum 
and four values of thickness at 90-degree intervals around the 
pipe at each cross section. 


B.5 Test Procedure 


B.5.1 The burst tests shall be conducted as described in 
Appendix A.4,. The burst pressure (Pacmat) is the property to 
be checked for compliance using ANSI/ASQC Z1.9-1993. 
The minimum value is the specified minimum burst pressure. 


B.5.2 If the failure mode of any burst test sample is not typ- 
ical of a ductile burst, then the pipe is not suitable for use with 
the limit state design procedure in this RP. 


B.5.3 For pipe that meets the requirements of this appen- 
dix, the specified minimum burst pressure shall be used for 
design instead of the pressure calculated by Equation 2a or 
Equation 2b. 
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APPENDIX C—EXAMPLE CALCULATIONS FOR INTERNAL PRESSURE 
(BURST) DESIGN AND WALL THICKNESS 


C.1 


To illustrate application of the limit state design in accor- 
dance with Section 4.3.1 of RP 1111, internal pressure (burst) 
design and wall thickness calculations are performed for two 
different insulated flowlines configured as “pipe-in-pipe” and 
“single pipe.’ Consider a steel flowline and steel catenary 
riser (SCR) connected to a subsea well at the deep end and 
connected to a floating platform (TLP or Tension Leg Plat- 
form) at the other end, as shown in Figure C-1. For calcula- 
tion purposes, two different production cases of gas and crude 
oil are illustrated. Input data are assumed to be as follows: 


Problem Statement 


Water depth at subsea well = 4,000 ft 
Water depth at platform = 3,000 ft 
Subsea well shut-in pressure, P; = 10,000 psi 
Specific gravity of fluid, gas production well = 0.30 
Specific gravity of fluid, oil production well = 0.60 
Table C-1—Pipe Data 
Pipeline Pipeline 
No. | No, 2 
Pipe Data Pipe-in-Pipe Single Pipe 
Flowline/Riser diameter, D, in. 8.625 8.625 
Flowline pipe SMYS, S, psi 70,000 70,000 
Flowline pipe ultimate strength, U, psi 82,000 82,000 
Riser pipe SMYS, S, psi 65,000 65,000 
Riser pipe ultimate strength, U, psi 78,000 78,000 
Pipe-in-pipe external pipe diameter, in. 12.75 — 
Pipe-in-pipe external pipe SMYS, psi 60,000 = 
Pipe-in-pipe external pipe ultimate 75,000 —_— 


strength, psi 


C.2 Calculation Procedure 


Calculation procedure described here is for two scenarios 
depending on if the shut-in pressure is specified at the subsea 
wellhead or at the top of the riser (surface). For all internal 
pressure design calculations based on this RP, ensure that the 
pressure difference (P; — P,) is used instead of P; alone, 
where hydrostatic pressures both inside and outside the pipe 
vary with the water depth along the pipeline and riser. In the 
procedure described below the deepest water depth is 
assumed to be at the subsea wellhead location and the shal- 
lowest water depth is at the platform or riser location. Similar 
approaches should be taken to account for the pressure gains 
and losses due to changes in elevation in case the deep and 
shallow locations along the flowline and riser are different 
from the assumptions made here. 
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C.2.1 Shut-in Pressure is specified at subsea wellhead. 


Step |—Obtain oil/gas production fluid density at shut-in 
pressure condition. 


This information is generally known. If unknown, 
a fluid specific gravity of 0.30, conservatively rep- 
resenting a gas-filled line, should be assumed. 


Step 2— Calculate the internal shut-in pressure at the top of 
the riser. 


Start at the subsea wellhead for which the internal 
shut-in pressure is known. Calculate the shut-in 
pressure at the top of the riser by subtracting the 
pressure loss due to elevation gain in the produc- 
tion fluid column, using the production fluid den- 
sity from Step 1. 


Step 3—Calculate the hydrotest pressure at the top of the 
riser. 


Calculate the hydrotest pressure at the top of the 
riser using Equation 1b if shut-ins of the wells 
through the flowline and riser are planned, or using 
Equation Ic if such shut-ins are incidental. 


Step 4—-Caiculate hydrostatic test pressure along the sus- 
pended riser and at the subsea wellhead. 


Start with the hydrostatic test pressure at the top of 
the riser where the hydrotest pressure is known. 
Calculate the hydrotest pressure along the riser and 
at the subsea wellhead by adding the hydrostatic 
pressure due to the water column. For design pur- 
poses, calculate the differential pressure (the inter- 
nal pressure minus the external pressure) at each 
point. For a single pipe flowline, the differential 
hydrostatic test pressure is constant along the flow- 
line and riser. For a pipe-in-pipe flowline, the con- 
trolling pressure is at the lowest point and for the 
riser it occurs at the base. 


Step 5—Determine the wall thickness for riser and flowline. 


Calculate the wall thickness for a given pipe diam- 
eter and grade, using the test pressures from Step 4 
and Equation 2a or 2b, as required to obtain the 
limit state design. Use the hydrotest pressure dif- 
ference which gives the thickest wall for both the 
flowline pipe and the riser pipe. 


C.2.2 Shut-in Pressure is specified at the top of the riser. 


Calculation procedure for the shut-in pressure specified at 
the top of the riser is same as above, beginning with the Step 3. 


Previous page is blank 


Information Handling Services, 


STD-API/PETRO RP LLLL-ENGL 1999 Wm 0732290 Ob17050 ch? oe 


32 API RECOMMENDED PRACTICE 1111 


C.3 Calculations 


For the example calculations, let #1, #2, P,, y, and SG be 
as follows: 


H1 
H2 


4,000 ft, 
3,000 ft, 
P, = 10,000 psi, 


y = Seawater density, 64 Ibs/cu ft, 


SG = Specific gravity of produced fluid, 0.30 for gas, 
and 0.80 for crude oil. 


Note that in “pipe-in-pipe” case, the internal pipe is not 
subjected to the external pressure due to water depth whereas 
the outer pipe (or jacket pipe) is affected. The pressure in the 
annular space between the two pipes is assumed to be atmo- 
spheric or negligible in this example of pipe-in-pipe flowline. 
For a single pipe flowline, the external pressures at the riser 
base and at the subsea wellhead are given by 


P, at riser base = y« H2/144 
P, at subsea well = y+ H1/144 


Step 1—Produced fluid density or specific gravity. 


Specific gravity of gas and oil production is given 
as 0.30 and 0.80 respectively. 


Step 2—Calculate internal pressure P; at the top of the riser. 


Using the subsea wellhead shut-in pressure, pro- 
duced fluid density and water depth, calculate the 
internal pressure at the top of the riser. 


P; at subsea wellhead = P, = 10,000 psi 
P; at top of the riser, P; = P, — y° H1 + (SG)/144 


Calculated internal pressures are shown in Table C- 
2 for the example cases. 


Step 3—-Calculate hydrotest pressure P, at the top of the 
riser. 


Using the shut-in pressure at the top of the riser 

from Step 2, calculate the hydrotest pressure at the 

top of the riser. Assume planned shut in of the sys- 

tem from the platform, thus requiring Equation 1b. 
P,=(P;— Po) 10.8 


P, at riser top = P;/0.8 
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Step 4——Calculate hydrotest pressure P, along the riser and 
flowline. 


Using the hydrotest pressure at the top of the riser, 
calculate the hydrotest pressures at the base of the 
riser and at the subsea wellhead. 


P, at riser base = P, + y* H2/144 — P, at riser base 
P, at subsea wellhead = P, + y+ H1/144 — P, at wellhead 
P, at the subsea wellhead = (P; — Py) / 0.8 


See Table C-2 and C-3 for the calculated external 
pressure, shut-in pressure difference and the hydro- 
static test pressure as per the Steps 3 and 4. 


Step 5—Calculate pipe wall thickness for riser and flowline. 


Use Equation 1a to substitute P, for P, in Equation 
2a or 2b to determine pipe diameter to wall thick- 
ness ratio (D/t) for given pipe grades. Wall thick- 
ness is calculated knowing the pipe diameter and 
the D/t ratio. Equation 2b modified as shown below 
is used for the example cases. 


Dit=1+40.90 (S+U) / Pp 
=1+0.810(S+U)/P, for flowline 
=1+0.675 (S+U)/P,; for riser 


Calculated pipe wall thickness as per Step 5 are 
shown in Tables C-2 and C-3 for the example cases. 


C.4 Limiting Riser to within a Horizontal 
Distance of 300 Feet from the Surface 
Facility 


Section 2.1.5 of the RP specifies that for purpose of inter- 
nal pressure design, the riser design factor applies to pipe 
within a horizontal distance of 300 feet from the surface facil- 
ity and the pipeline design factor applies beyond that point. 
Assuming that at a 300 feet horizontal distance from the sur- 
face facility in the examples described herein, the riser bot- 
tom reaches at a 1000 feet depth below the water surface. 
Thus the section of pipe up to 1000 feet water depth and 
within 300 feet horizontal distance from the surface can be 
designed using the riser design factor for purpose of internal 
pressure design. And the pipe beyond that point can be 
designed using the pipeline design factor. This differentiation 
of the riser from pipeline provides additional safety of the 
riser based on third party damage and dropped object etc. 
Tables C-4 and C-5 show the results of calculations using 
such criteria. The calculation procedure described in C.2 and 
C.3 remains the same. 


Information Handling Services, 


STD-API/PETRO RP J122-ENGL 1999 Mm 0732290 0617051 113 oe 


DESIGN, CONSTRUCTION, OPERATION, AND MAINTENANCE OF OFFSHORE HYDROCARBON PIPELINES (Limit STATE DESIGN) 33 


————"—-"’"-’—’[}}w 9 nin nnn nnn 


C.5 Increased Burst Pressure Due to 
Improved Mechanical Properties and 
Dimensions Control 


As per 4.3.1, Note 3, improved control of mechanical prop- 
erties and dimensions can produce pipe with improved burst 
performance. The Specified Minimum Burst Pressure may be 
imcreased in accordance with Appendix B. Assuming such 
criteria are met for pipe in the examples described considered 
here, Tables C-6, C-7, C-8, and C-9 show the results of calcu- 
lations based upon the calculation procedure described in C.2 
to C.4 and Equation B-2. Tables C-6 and C-7 are for the riser 
and pipeline design factors that are similar to applied in calcu- 
lations shown in Tables C-2 and C-3. Tables C-8 and C-9 are 
for the riser design factors applied to pipe within 300 ft hori- 
zontal distance from the surface facility. This scenario is simi- 
lar to the ones described in the C.4 and Tables C-4 and C-5. 


C.6 Comparison of Results 


In order to further illustrate application of the limit state for 
the internal pressure design, flowline and riser pipe wall thick- 
ness as calculated and described in C.2 to C.5 were compared 
with the traditional design method. Refer to Table C-10. 


4000 ft 

Depth 
Insulated flowlines 
1. Pipe-in-pipe 
2. Single pipe 


ae 


Results from Tables C-2 to C-9 were taken and compared 
with the current design practice in compliance with the Title 
30, CFR 250. Pipe-in-pipe and single pipe for gas and oil pro- 
duction cases were taken. Four cases of limit state design 
were compared with the traditional design. The four cases are: 


a. Limit state design of flowline and riser (Tables C-2 and 
C-3). 

b. Limit state design of a riser limited to within a 300 feet 
horizontal distance from the surface facility (Tables C-4 and 
C-5). 

c. Limit state design of pipe material having improved con- 
trol of mechanical properties and dimensions as per Appendix 
B (Tables C-6 and C-7). 

d. Limit state design of a riser limited to within a 300 feet 
horizontal distance from the surface facility, and pipe material 
having improved control of mechanical properties and dimen- 
sions as per Appendix B (Tables C-8 and C-9). 


The comparison of results given in the Table C-10 shows 
that a material savings of 4.4% to 21.2% is possible to achieve 
by applying the limit state design as described in this RP to 
the example problem considered in this appendix. 


3000 ft 
Depth 


| 
| 
i 
iy 
| 
i 
i 
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Subsea production wells 
rc with 10,000 psi shut-in pressure 


Figure C-1—Example Subsea Flowlines and Risers 
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Table C-2—Pipe-in-Pipe, Gas/Oil Production Flowline and Riser 


I 


Flowline at 
Subsea Well Bottom of Riser Top of Riser 
Description psi psi psi 


I 


Pipe-in-Pipe, Gas Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 = 9,467 
P,, External pressure, psi 0 0 0 
(P;— P,), Shut-in pressure difference, psi 10,000 —_ 9,467 
P,, Test pressure at riser top, psi —_ — 11,833 
Resulting pressure during hydrotest, psi 13,611 13,167 11,833 
Maximum pressure for calculating D/t ratio 13,611 13,167 —_— 
Dit ratio for hydrotest pressure 10.046 8.331 8.331 
t, Wall thickness, inches 0.859 1.035 1.035 


a i SS  — SS ——————e——e—e 


Pipe-in-Pipe, Oil Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 —_— 8,578 
P,,, External pressure, psi 0 0 0 

(P; — P,), Shut-in pressure difference, psi 10,000 — 8,578 
P,, Test pressure at riser top, psi — — 10,722 
Resulting pressure during hydrotest, psi 12,500 12,056 = 

Maximum pressure for calculating D/t ratio 12,500 12,056 12,056 
Dit ratio for hydrotest pressure 10.850 9.007 9,007 
t, Wall thickness, inches 0.795 0.958 0.958 
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Table C-3—Single Pipe, Gas/Oil Production Flowline and Riser 


Flowline at 
Subsea Well Bottom of Riser Top of Riser 
Description psi psi psi 


Single Pipe, Gas Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 = 9,467 
P,, External pressure, psi 1,778 1,333 0 

(P;— P,), Shut-in pressure difference, psi 8,222 — 9,467 
P,, Test pressure at riser top, psi —_ — 11,833 
Resulting pressure during hydrotest, psi 11,833 11,833 11,833 
Maximum pressure for calculating D/t ratio 11,833 11,833 —_ 

D/t ratio for hydrotest pressure 11.405 9.157 9.157 
t, Wail thickness, inches 0.756 0.942 0.942 


Single Pipe, Oil Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 — 8.578 
P,, External pressure, psi 1,778 1,333 0 

(P; — P,), Shut-in pressure difference, psi 8,222 — 8,578 
P,, Test pressure at riser top, psi —_ — 10,722 
Resulting pressure during hydrotest, psi 10,722 10,722 10,722 
Maximum pressure for calculating D/t ratio 10,722 10,722 —_ 

Dit ratio for hydrotest pressure 12.483 10.002 10.002 
t, Wall thickness, inches 0.691 0.862 0.862 
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Tabie C-4—Pipe-in-Pipe, Gas/Oil Production Flowline and Riser 
Limiting Riser to within a Horizontal Distance of 300 Feet from the Surface Facility 


Flowline at Bottom of Riser 
Subsea Well at 1000 ft Top of Riser 
Description psi psi psi 


Pipe-in-Pipe, Gas Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 _ 9,467 
P,, External pressure, psi 0 0 0 
(P; — P,), Shut-in pressure difference, psi 10,000 — 9,467 
P,, Test pressure at riser top, psi — —_ 11,833 
Resulting pressure during hydrotest, psi 13,611 12,278 11,833 
Maximum pressure for calculating D/t ratio 13,611 12,278 — 
Dft ratio for hydrotest pressure 10.046 8.862 8.862 
t, Wall thickness, inches 0.859 0.973 0.973 

Flowline at 

Subsea Well Bottom of Riser Top of Riser 

Description psi psi psi 


Pipe-in-Pipe, Oi] Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 — 8.578 
P,, External pressure, psi 0 0 0 

(P; — Pp), Shut-in pressure difference, psi 10,000 _— 8,578 
P,, Test pressure at riser top, psi — —_ 10,722 
Resulting pressure during hydrotest, psi 12,500 11,167 10,722 
Maximum pressure for calculating D/t ratio 12,500 11,167 — 

Df/t ratio for hydrotest pressure 10.850 9.644 9.644 
t, Wall thickness, inches 0.795 0.894 0.894 
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Table C-5—Single Pipe, Gas/Oil Production Flowline and Riser 
Limiting Riser to within a Horizontal Distance of 300 Feet from the Surface Facility 
eR 


Flowline at 
Subsea Well Bottom of Riser Top of Riser 
Description psi psi psi 


ee ee ee 
Single Pipe, Gas Production Flowline and Riser 


P,, Shut-in pressure, psi 10,000 — 9,467 
P,, External pressure, psi 1,778 444 0 

(P; ~ Po), Shut-in pressure difference, psi 8,222 — 9,467 
P,, Test pressure at riser top, psi —_ — 11,833 
Resulting pressure during hydrotest, psi 11,833 11,833 11,833 
Maximum pressure for calculating D/t ratio 11,833 11,833 — 

Dit ratio for hydrotest pressure 11.405 9.157 9.157 
t, Wall thickness, inches 0.756 0.942 0.942 


Single Pipe, Oil Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 — 8,578 
P,, External pressure, psi 1,778 444 0 

(P; — Po), Shut-in pressure difference, psi 8,222 — 8,578 
P,, Test pressure at nser top, psi —_— — 10,722 
Resulting pressure during hydrotest, psi 10,722 10,722 10,722 
Maximum pressure for calculating D/t ratio 10,722 10,722 — 

D/t ratio for hydrotest pressure 12.483 10.002 10.002 
t, Wall thickness, inches 0.691 0.862 0.862 
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Table C-6—Pipe-in-Pipe, Gas/Oil Production Flowline and Riser 
Increased Burst Pressure Due to Improved Mechanical Properties and Dimensions Control 


a eee Tr 


Flowline at 
Subsea Well Bottom of Riser Top of Riser 
Description psi psi psi 


a ee ha 


Pipe-in-Pipe, Gas Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 — 9,467 
P,, External pressure, psi 0 0 0 
(P;— P,), Shut-in pressure difference, psi 10,000 —_ 9,467 
P,, Test pressure at riser top, psi — —_ 11,833 
Resulting pressure during hydrotest, psi 13,611 13,167 11,833 
Maximum pressure for calculating D/t ratio 13,611 13,167 — 
Dit ratio for hydrotest pressure 11.051 9.146 9.146 
t, Wall thickness, inches 0.780 0.943 0.943 


a eS eee ee 


Pipe-in-Pipe, Oil Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 —_ 8,578 
P,, External pressure, psi 0 0 0 

(P; — Py), Shut-in pressure difference, psi 10,000 _ 8,578 
P,, Test pressure at riser top, psi _— —_ 10,722 
Resulting pressure during hydrotest, psi 12,500 12,056 12,056 
Maximum pressure for calculating D/t ratio 12,500 12,056 — 

Dit ratio for hydrotest pressure 11.944 9.896 9.896 
t, Wall thickness, inches 0.722 0.872 0.872 
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Table C-7-—-Single Pipe, Gas/Oil Production Flowline and Riser 
Increased Burst Pressure Due to Improved Mechanical Properties and Dimensions Control 


Flowline at 
Subsea Well Bottom of Riser Top of Riser 
Description psi psi psi 


Single Pipe, Gas Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 _ 9,467 
P,, External pressure, psi 1,778 1,333 0 

(P; — Po), Shut-in pressure difference, psi 8,222 — 9,467 
P,, Test pressure at riser top, psi — — 11,833 
Resulting pressure during hydrotest, psi 11,833 11,833 11,833 
Maximum pressure for calculating D/t ratio 11,833 11,833 —_ 

Dit ratio for hydrotest pressure 12.561 10.063 10.063 
t, Wall thickness, inches 0.687 0.857 0.857 


Single Pipe, Oil Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 —_ 8,578 

P,, External pressure, psi 1,778 1,333 0 

(P; — Pa), Shut-in pressure difference, psi 8,222 —_— 8,578 

P,, Test pressure at riser top, psi — — 10,722 
Resulting pressure during hydrotest, psi 10,722 10,722 10,722 
Maximum pressure for calculating D/t ratio 10,722 10,722 — 

Dit ratio for hydrotest pressure 13.759 11.003 11.003 
t, Wall thickness, inches 0.627 0.784 0.784 
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Table C-8—Pipe-in-Pipe, Gas/Oil Production Flowline and Riser 
Limiting Riser to within a Horizontal Distance of 300 Feet from the Surface Facility 
Increased Burst Pressure Due to Improved Mechanical Properties and Dimensions Control 


in ee ee see SS Se o—oaoE—EoEOOoooooeeee 


Flowline at Bottom of Riser 
Subsea Well at 1000 ft Top of Riser 
Description psi psi psi 


a —— 


Pipe-in-Pipe, Gas Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 —_— 9,467 
P,, External pressure, psi 0 0 0 
(P; — Py), Shut-in pressure difference, psi 10,000 —_ 9,467 
P,, Test pressure at riser top, psi — — 11,833 
Resulting pressure during hydrotest, psi 13,611 12,278 11,833 
Maximum pressure for calculating D/t ratio 13,611 12,278 
Dit ratio for hydrotest pressure 11.051 9.735 9.735 
t, Wall thickness, inches 0.780 0.886 0.886 
Flowline at 
Subsea Well Bottom of Riser Top of Riser 
Description psi psi psi 


ee Oe Ps a a 


Pipe-in-Pipe, Oil Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 — 8.578 
Pp, External pressure, psi 0 0 0 
(P; — P,), Shut-in pressure difference, psi 10,000 —_ 8,578 
P,, Test pressure at riser top, psi _— —_— 10,722 
Resulting pressure during hydrotest, psi 12,500 11,167 10,722 
Maximum pressure for calculating D/t ratio 12,500 11,167 — 
Dft ratio for hydrotest pressure 11.944 10.604 10.604 
t, Wall thickness, inches 0.722 0.813 0.813 
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Tabie C-9—Single Pipe, Gas/Oil Production Flowline and Riser 
Limiting Riser to within a Horizontal Distance of 300 Feet from the Surface Facility 
Increased Burst Pressure Due to Improved Mechanical Properties and Dimensions Control 


SS SS SSS re ae 


Flowline at 
Subsea Well Bottom of Riser Top of Riser 
Description psi psi psi 


a a 
Single Pipe, Gas Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 —_— 9,467 
P,, External pressure, psi 1,778 444 0 

(P; — Po), Shut-in pressure difference, psi 8,222 — 9,467 
P,, Test pressure at riser top, psi — — 11,833 
Resulting pressure during hydrotest, psi 11,833 11,833 11,833 
Maximum pressure for calculating D/t ratio 11,833 11,833 — 

Dft ratio for hydrotest pressure 12.561 10.063 10.063 
t, Wall thickness, inches 0.687 0.857 0.857 


Single Pipe, Oil Production Flowline and Riser 


P;, Shut-in pressure, psi 10,000 — 8,578 
P,, External pressure, psi 1,778 444 0 

(P; — Po), Shut-in pressure difference, psi 8,222 —_ 8,578 
P,, Test pressure at riser top, psi — — 10,722 
Resulting pressure during hydrotest, psi 10,722 10,722 10,722 
Maximum pressure for calculating D/t ratio 10,722 10,722 — 

D/t ratio for hydrotest pressure 13.759 11.003 11.003 
t, Wall thickness, inches 0.627 0.784 0.784 
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Table C-10—Comparison of Results 


oon 


RP 1111 
RP 1111 RP 1111 Limit State Title 30 
RP 1111 Limit State Limit State Tables C-8, C-9 CFR 250 
Limit State Tables C-4, C-5 Tables C-6, C-7 (Riser design factor, Traditional 
Description Tables C-2,C-3 (Riser design factor) (Appendix B) and Appendix B) Design 
Pipe-in-Pipe, Gas Production, 8.625" OD inner pipe 
Flowline D/t ratio 10.046 10.046 11.051 11.051 9.257 
Flowline pipe wall, inches 0.859 0.859 0.780 0.780 0.932 
Weight in air, Ibs/ft 7131 7131 65.49 65.49 76.65 
% Material Savings 6.96% 6.96% 14.56% 14.56% —_ 
Riser D/t ratio 8.331 8.862 9.146 9.735 7.905 
Riser pipe wall, inches 1.035 0.973 0.943 0.886 1.091 
Weight in air, Ibs/ft 83.98 79.59 TIAA 73.30 87.87 
% Material Savings 443% 9.42% 11.87% 16.58% — 
Pipe-in-Pipe, Oil Production, 8.625" OD inner pipe 
Flowline D/t ratio 10.850 10.850 11.944 11.944 10.080 
Flowline pipe wall, inches 0.795 0.795 0.722 0.722 0.856 
Weight in air, Ibs/ft 66.54 66.54 61.00 61.00 71.09 
% Material Savings 6.40% 6.40% 14.19% 14.19% —_— 
Riser Dit ratio 9.007 9.644 9.896 10.604 8.088 
Riser pipe wall, inches 0.958 0.894 0.872 0.813 1.066 
Weight in air, Ibs/ft 78.52 73.88 72.27 67.89 86.14 
% Material Savings 8.85% 14.23% 16.10% 21.18% —_— 
ase<‘««ee 
Single Pipe, Gas Production, 8.625" OD pipe 
Flowline D/t ratio 11.405 11.405 12.561 12.561 10.648 
Flowline pipe wall, inches 0.756 0.756 0.687 0.687 0.810 
Weight in air, tbs/ft 63.59 63.59 58.30 58.30 67.67 
% Material Savings 6.03% 6.03% 13.85% 13.85% — 
Riser D/t ratio 9.157 9.157 10.063 10.063 8.239 
Riser pipe wall, inches 0.942 0.942 0.857 0.857 1.047 
Weight in air, Ibs/ft 7737 77.37 71A7 TAZ 84.82 
% Material Savings 8.78% 8.78% 16.09% 16.09% _ 
a SS SS 
Single Pipe, Oil Production, 8.625" OD pipe 

Flowline D/t ratio 12.483 12.483 13.759 13.759 11.751 
Flowline pipe wall, inches 0.691 0.691 0.627 0.627 0.734 
Weight in air, Ibs/ft 58.61 58.61 53.61 53.61 61.92 
% Material Savings 5.35% 5.35% 13.42% 13.42% — 
Riser D/t ratio 10.002 10.002 11.003 11.003 9.093 
Riser pipe wall, inches 0.862 0.862 0.784 0.784 0.949 
Weight in air, Ibs/ft 71.53 71.53 65.72 65.72 71.87 
% Material Savings 8.14% 8.14% 15.60% 15.60% — 
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APPENDIX D—EXTERNAL PRESSURE DESIGN EXAMPLE 


D.1 


Perform external pressure (collapse) design validation per 
4.3.2 for two flowlines with following nominal specifications 
and design information (see Figure C-1): 


Problem Statement 


Pipeline No. 1: 8" x 12" PIP Flowline and SCR 
Flowline Pipe: 8.625" x 0.875", API-5L X70, Seamless 
Jacket Pipe: 12.75" x 0.562", API-5L X60, Seamless 
SCR Pipe: 8.625" x 1.000", API-SL X65, Seamless 
Jacket Pipe: 12.75" x 0.562", API-5L X60, Seamless 


Pipeline No. 2: 8" Flowline and SCR 
Flowline Pipe: 8.625" x 0.875", API-5L X70, Seamless 
SCR Pipe: 8.625" x 1.000", API-5L X65, Seamless 


Maximum Flowline Water Depth: 4000 feet (1778 psi) 
Maximum SCR Water Depth: 3000 feet (1333 psi) 
Shut-in Pressure at Subsea Well: 10,000 psi 
Maximum Product Specific Gravity: 0.80 (mainly oil) 
Minimum Product Specific Gravity: 0.30 (mainly gas) 
Young’s Modulus, E: 29 x 106 

Pipe Ovality, 5: 0.5% 


D.2 Collapse due to External Pressure 
per 4.3.2.1 


The Inequality (5) must be satisfied: 
(Po - Pi) S foPe (5) 


The maximum ratio of (P, — P;) must be determined for the 
installation and operating conditions. The hydrotest condition 
is ignored since the internal pressure exceeds the external 
pressure. P, is the maximum external water pressure and P; is 
the minimum internal pressure. Internal pressure has also 
been assumed as zero for both the installation and operating 
cases. Certain operating conditions such as blowdown or gas 
lifting may reduce the internal pressure to negligible levels, 
consequently use of any nonzero internal pressure for the 
operating condition may not be realistic. Table D-1 summa- 
rizes the net external pressure loading for both installation 
and operation design cases. 

Next, calculate the collapse pressure, P,, for all six pipeline 
design cases from Table D-1. Equations 6a, 6b, and 6c are 
used to determine P,. 

Combining the results from Tables D-1 and D-2, it can be 
established whether all the design cases satisfy inequality 
relation 5). The seamless pipe collapse factor, fy, of 0.7 is 
utilized. 
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Table D-1—Net External Pressure Loading 


Po Pj (Po — Pi) 
Design Case (psi) (psi) (psi) 
P/L No. 1, Flowline 0 0 0 
P/L No. 1, Jacket 1778 0 1778 
P/L No. 1, Riser 0 0 0 
P/L No. 1, Riser Jacket 1333 0 1333 
P/L No 2, Flowline 1778 0 1778 
PIL No. 2, Riser 1333 0 1333 
Table D-2—Collapse Pressure 
Py P, P. 
Design Case (psi) (psi) (psi) 
P/L No. 1, Flowline 14,202 66,548 13,889 
P/L No. 1, Jacket 5,289 5,458 3,798 
P/L No. 1, Riser 15,072 99,337 14,901 
P/L No. 1, Riser Jacket 5,289 5,458 3,798 
P/L No 2, Flowline 14,202 66,548 13,889 
P/L No. 2, Riser 15,072 99,337 14,901 


Table D-3—External Pressure Collapse Resistance 


Inequality (5) 

(P,~P) foPe Satisfied? 
Design Case (psi) (psi) (yes/no) 
P/L No. 1, Flowline 0 9,722 yes 
P/L No. 1, Jacket 1,778 2,659 yes 
P/L No. 1, Riser 8) 10,431 yes 
PIL No. 1, Riser Jacket 1,333 2,659 yes 
P/L No 2, Flowline 1,778 9,722 yes 
P/L No. 2, Riser 1,333 10,431 yes 
D.3 Results 


Table D-3 demonstrates that all design cases for the pipe- 
lines meet the external pressure collapse resistance require- 
ments of 4.3.2.1. 


D.4_ Buckling Due to Combined Bending 
and External Pressure per 4.3.2.2. 


The inequality relations of (7), (8a), and (8b) must be sat- 
isfied. There are different technical approaches to solving the 
inequalities dependent on whether the wall thickness is 
known or unknown in advance. The following solution path 
is based on the known pipe specifications of the example 
problem. In this case it is necessary to demonstrate that ine- 
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qualities (8a), and (8b) are satisfied for the limit state, buck- 
ling bending strain determined by changing (7) from an 
inequality to an equation: 


ele, + (Po — Pi)! Pe = g() (7) 


Solving Equation (7) for the buckling limit state bending 
strain, €, yields: 


€ = {g(5) — (Po — Pj) / Pc} x &p 


where 
a(S) = (14+ 208)! =(1 + 20x 0.005y! = 0.9091 for all 
design cases 
&) = (#/2D) 


The term (Po — Pi)/ Pc is derived from Tables D-2 and D-3 
of the section D.2 calculations yielding the following buck- 
ling limit state bending strains, €, shown in Table D-4. 

Inequalities 8a and 8b must be satisfied to demonstrate 
adequate strength for the installation and operation design 
cases. 


€2 f1&1 (8a) 
£2 foer (8b) 


Following are examples of how the key load states and 
safety factors are defined: 


fy = 3.33 


The safety factor of 3.33 for installation allows for a large 
increase in the bending strain before the critical buckling 
bending strain is reached. This safety factor should be 
selected based on positional stability of the lay vessel during 
dynamic positioned pipelay and subjective degree of risk to 
be tolerated. Lower safety factors may be justified for excep- 
tional conditions; for instance pipelay equipment limits, eco- 
nomic constraints, or other factors. 


©, = 0.0015 or 0.15% 
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Table D-4—Buckling Limit State Bending Strains 


(Po — PilPe £5 € 
Design Case (-) (-) -) 
P/L No. 1, Flowline 0 0.0507 0.0461 
P/L No. 1, Jacket 0.4681 0.0220 0.0097 
P/L No. 1, Riser 0 0.0580 0.0527 
P/L No. 1, Riser Jacket 0.3510 0.0220 0.0123 
P/L No 2, Flowline 0.1280 0.0507 0.0396 
P/L No. 2, Riser 0.0895 0.0580 0.0475 


The maximum installation bending strain is typically deter- 
mined by installation analyses, contractor equipment limita- 
tions, and pipeline owner specifications. The selected value of 
0.15% has been used on numerous GOM pipeline projects. 


f2=2.0 


The safety factor of 2.0 for operation allows for a signifi- 
cant increase in the bending strain before the critical buckling 
bending strain is reached. This safety factor is reduced com- 
pared to the installation safety factor since the maximum 
expected bending strains can be defined with higher precision 
due to the known boundary conditions. In many cases it can 
be demonstrated that operational or in-place bending strains 
are self-limiting due to the support geometry. 


€2 = 0.0015 or 0.15% 


In-place structural pipeline analyses and pipeline owner 
specifications typically determine the maximum operational 
bending strain. The selected value of 0.15% is typical for 
GOM pipeline projects. 


D.5 Results 


Table D-5 demonstrates that all design cases for the pipe- 
lines meet the combined bending + external pressure buckle 
resistance requirements of 4.3.2.2. 
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Table D-5—Combined Bending + External Buckle Resistance 


Inequalities 

€ F1€1 € f2€2 Satisfied 

Design Case ~~ <—Installation—> ~~ <Operation—> (yes/no) 
P/L No. 1, Flowline 0.0461 0.0050 0.0461 0.0030 Yes 
P/L No. 1, Jacket 0.0097 0.0050 0.0097 0,0030 Yes 
P/L No. 1, Riser 0.0527 0.0050 0.0527 0.0030 Yes 
P/L No. 1, Riser Jacket 0.0123 0.0050 0.0123 0.0030 Yes 
P/L No 2, Flowline 0.0396 0.0050 0.0396 0.0030 Yes 
P/L No. 2, Riser 0.0475 0.0050 0.0475 0.0030 Yes 
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The American Petroleum Institute provides additional resources 
and programs to industry which are based on API Standards. 
For more information, contact: 


e Training and Seminars Ph: 202-682-8490 
Fax: 202-682-8222 

e Inspector Certification Programs Ph: 202-682-8161 
Fax: 202-962-4739 

e American Petroleum Institute Ph: 202-962-4791 
Quality Registrar Fax: 202-682-8070 

e Monogram Licensing Program Ph: 202-962-4791 
Fax: 202-682-8070 

e Engine Oil Licensing and Ph: 202-682-8233 
Certification System Fax: 202-962-4739 

e Petroleum Test Laboratory Ph: 202-682-8064 
Accreditation Program Fax: 202-962-4739 


In addition, petroleum industry technical, patent, and business 
information is available online through API EnCompass™. Call 
212-366-4040 or fax 212-366-4298 to discover more. 


To obtain a free copy of the AP! Si at 
Publications, Programs, and Services fp Petroleum 
Catalog, call 202-682-8375 or fax your Institute 
request to 202-962-4776. Or see the 


online interactive version of the catalog Helping You 
on our World Wide Web site — es bry 
http:/Awww.api.org. 
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Additional copies available from API Publications and Distribution: 
(202) 682-8375 


Information about AP! Publications, Programs and Services is 
available on the World Wide Web at: http:/Awww.api.org 
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